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PHYSIOLOGICAL REGULATION OF Cl"CLIC 
FI.DWERING IN FLAX 
Abstract 
AURORA SALAZAR HOVLAND 
Undsr the supervision of Dr. C. Dean Dybiug 
The flowering pattern of flax (Linum usitatissimum, b•) is cyclic 
in natu.�e ·with periods of blossomiri..g sepa.rated by periods of rest. To 
study the regulation of flowering cycles, four experiments were con­
ducted. The first two dealt with riutritiona.1 aspects of cyclic 
rlowcring by imposing environmental. stresses which conceivably might 
regulate flowering pattern nutritj_onally. The third and fourth experi­
ments dealt with regulation from hormonal systen1s and included in y:i.tr� 
regulation of bud growth by growth regulators as well as characteriza­
tion of endogenous hormonal systems by fluorimetry and bioassays. 
In tha first experiment., the effects of light intensity1 
temperature, nitrogen and defoliation treatments were studied. As 
light intensity increased from 14,300 to 25,500 lux, boll production, 
seed yield, and seed weight wero all increased. Further increase to 
Jl,900 lux, however, provided no additional yield increment. Low 
temperature favored the growth of plant whilo high temperature treatment 
reduced boLl and seed production. Nitrogen did not appear limiting 
since no significant difference was obtained in any characteristic 
measured at 50, 100, arrl JOO ppm levels of N. Defoliation reduced 
the number of bolls and seeds produced d m--ing the first and second 
flowering cycles but did not affect seed weight. 
CO2 enrichment studies showed that effects on plants were 
greater if plants were exposed to treatments at an eai·ly age. CO2 
treatments (1270 ppm) produced marked effects regardless of duration 
of CO2 exposure as long as plants were no more than 37 days of age at 
the time exposttro commenced. Maximum effects of CO2 treatment were 
observed at high light intensity. An increase in CO2 fran the normal 
level (325 ppm) to 1270 ppn under a light intensity of 29,500 lux 
significantly increased number and weight of mature bolls. total 
number of seeds, and seeds per boll but at the same time decreased 
the number of immature bolls remaining at harvest. 
Isolation of 3 differer1t types of buds which normally do not 
flower in intact plants during the resting period between flowering 
cycles was conducted to determine whether or not these nonflowering buds 
could be br�ught to flower by chemical ti•eatrnents. Terminal bud� were 
the first ones to produce flowers even when no growth substance was 
added to the basal medium. Maximum flowering response was observed in 
buds treated with 3-indoleacetic acid (IAA), especially �ilen treated 
during the early and postbloom stages of plant development. All buds 
that were brought to flower showed, at first, a certain degree of 
elongation before flowers appeared. While buds could still tolerato a 
10 ppm concent1•ation of IM in the growing medium. naphthaleneacetic 
acid (NA.A), gibberellic acid (GA), and kinetin appeared toxic even at 
a 5 ppra level. Terminal buds demonstrated gre�ter readiness to flower 
than alternate buds fr�m panicle branches on 1nain stem buds. The NAA­
trea.ted. buds er..hibited callus formation from 5 ppm and above. GA 
treatment stimulated shoot elongation at 1 ppm but reduced elongation 
at greater concentrations. None of the GA-treated buds developGd root 
systems. Kinetin stimulated vegetative grovtt.h of senescing buds to a 
greater degree than the other regulators. 
Finally, quantitative analyses of plant extracts to determine 
endogenous growth substances were also conducted. F1uorimetric 
procedures and the Avena coleoptile test were used to determine the 
amount of endogenous IAA, while for GA detennination the lettuco 
hypocotyl bioassay was used . Plants in early bloom stage had a high 
endogoncus IAA content. IAA level declined during the first flowering 
stage but increased to a new peak level during the resting period 
between flowering cyclos. GA levels were high during the early bloom 
and postblooni stages of growth. 
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Il"TRODU'.!TION 
f Flax (L� usitatissimum, 1=_. ) is an important oilseed crop in 
the United States . Although most of the U. S. flaxseed production is 
centered in 1-J..i:nnesota, North Dakota, and South Dakota, the highest 
yields are obta.ine.:d from. the flax fields of the Imperial Valley in 
California.. Growers of tho latter area cla.im that their relati valy 
high yiolds, 1560 to  2500 kg/ha as compared to approximately 500 kg/ha 
in the nonfla.x areas , ara largely due to advantageous management of 
flowering habit . 
In an optimum environment, the flowering pattern of flax is 
cyclic- in natu..re with periods of blossoming separated by periods of 
rest. In the Great Plains states ,  only one blossorn:tng period ls 
customary, but _ in the Imperial Valley under ir1•igation and. intensi vo 
fertilization the first blooming period is followed after a temporary 
1·est period by a second and even a. third flush · of flowers . The addi­
tional flowers produced after the first bloom accou nt for at least part 
,_ I 
of the yield increments (14, 50 ) .  I 
The cyclic flowering patteru of flax is of particular interest 
for research since it may illmninate factors which regulate or limit 
yields.  What causes cyclic flowering? Once flowering is initiated, 
what causes the process of flower bud development to stop for a period 
only to resume after a period of rest? Can nutritional or hormonal 
stresses or excesses p�event or prolong the blooming period? Varietal 
differences have been establi.shed , but en,,irornental and physiological 
factors that regulate the fiowering phenomenon are st:lll vague . If' 
2 
it c an be shown that flowering stops for periods of rest for physiologi­
cal re3.sons rather than simply because of enviro:nmental stresses , this 
· knowledge can be expected to have considerable practical importance 
in the future improvement of .flax yields . / 
The research reported here followed the hypothesis that while 
cyclic flowering is probably regulated in magnitude by nutritional 
facto�s it is causally regulated by hormonal systems . In the firs·t 
portion of the study tuo experiments were conducted using enviromental 
stressas which conceivably might ragulate flowering pattern· nutri­
tionally9 The e::"1vlronmental c onditions studied were light intensity, 
nitrogen concentration, carbon dioxide enrichment of the atmosphere , 
and de.fcli�it:lon elf' plants undergoing cyclic flowering . In order to 
establish the flowering pattern, daily cou.nts of newly-opened nowe1,is 
were made ; tissue analyses served to assay the influence of each 
treatment . 
In the second part of the study, two experiments dealing w:l th 
hormonal regulation wore co.rrlucted . Specific buds suspected to ba 
inhibited in intact plants were isolated and cultured !!! vitro un:ler 
the influenc•a of various plant growth regulating compounds .  Thi s 
method of determining the e ffect of growth r3gulators on isolated buds 
was used t o  reduce the probability that the chemicals acted primarily 
on soma irrelevant plant processes and only secondarily on the buds 
in question (44) . F:L�ally, e:rrlogenous growth substances ware 
3 
characterized and measu�ed quantitatively in green tissues of flax 
throughout the blosscniing periods by fiuor-imetry and biological assays. 
REVIEW OF LTIERATURE 
The fact that flowering habit in flax is cyclic in nature has 
been clearly established ( 14) .  However, little is known about  physio­
logica.l processes that cause the distinctive nowering pattern. The 
list of environmental factors considered to influence the onset of 
successi,re cycles, the duration and tirriing of blossoming periods, arrl 
the magnitude of yield increments includes nitrogen supply (16, 33 ) ,  
light intensity (18,  45 ), photope:r-iod ( 20, 73 ) ,  air and root tempera­
tures (19 ,  27, 46 , 50 ) ,  depth of root 7.one, and moisture supply (l�J, 
50 ) .. 
Kad&� and Patel (46 ) ,  Rosbaco ( 77 ), and Davidson and Yerma.nos 
(14 )  all 1··eported that cyclic production of flowei·s was gBnetically 
controlled, although varietal differences existed and environmental 
conditions mcderated the time and extent of the cycles. Upon removal 
of flowers Davidson and Yermanos {14 )  fou.�d a recurrence of shoot 
gro�-th , followed by inc�eased fl��e� production and s ubsequently a 
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high yield . Senescgnca was delayed as a consequence of renewed growth 
and continuou::; flowering. Knowles and hl.s co-workers (50 ) reported 
that flowering continued over an extended period of time when nutrient 
and water supplies were sufficient. Dybing and Zimmerman (20)  observed 
that an 8 hour photoperiod favored late flowering. In other studies, 
root environment (17 ) affected onset of second flowering .  Tho corre­
lation between the second flush arrl a deep root system was also reported 
by Howard and Khan (4J ), who attributed the occurrence of secooo.ary 
flowering to variation in the a.mount of soil moistu�e available. They 
5 
conside:red tha.t , when the first set of c apsules ripened , water require­
ment was radu<!ed am t!:la saall ainount of· moisture left was sufficient 
to regener·�te gr-owth and flo-:-rorlng.  .Air temper�attn•a dtrring flowering 
also !1as been r�gat�od as c.. critic l>.l environ:nental factor in boll and 
seed de·V""elopmont (19 ,  26 , lJ] ) with warm t�perature reported to favor 
flowor producti •jn (18 ) .  High supply of 11itrogen prolonged the flowering 
pericd (16 ) and increased tot al yield (72 ,  105 ) .  
Zimmorman and. Dybing (106 ) postnlP ..ted the following as the 
conceivablo causes of the cyclic flowering pattern : (1 ) morphological 
limitation of the nu: .. -nber· of flo-r,.-a1� buds  produced at one t :hue ; ( 2 ) com­
petition an1011e d�7eloping bolls depleting a�-ta.ilable energy r$SO�ces 
e.nd 'i::.her3by preYe;mti!ig th(, develop,-nent of flower buds ; or (3 ) an 
inhibitor pren ,nt in the d::3velopi11g b<JlJ.s which 1 whon p1•essnt in 
sufficient �u:mt1ty in tho inflorescence ,  stops fiowe1'ing until the 
inhibitor is l:'�mov"'i';d by maturation of the first. set of bo1.ls .  In 
consido�ation of these h;ypothes�s , a m.m1ba1• of experiments 't;ith g1•owth 
regu.Lating compounds c an bo considered . Thus , Gorodnii and Vyval I ko 
( 32 )  found that t��stmont with gibberellic acid increased fl.a.,� yield 
only when nitrogen ( 60 kg/ha ) was provided , while au.."tin . acc ording to 
G�egoey and Vea.le ( 33 ) i:nhib:i.ted late:zee.l buds only Hhen nitrogen and 
carbohy'd.1�ate su.ppl1.es were low. Application of he� bicides gena1•ally 
delayed flo,-reriug end matur1.ty do. tes ( 68 ) and even :r:•educed yield ( 67 ) .  
Tho gro"1th retardant CCC (2  ... chl.o:!9oethyl- ) tri."llethylanunor1iu..YI1 chlorid e 
caused a delay of flowe�ing and reduc ed apic al dominance ( 80 ) .  Vet ter 
et al. (96 ) studied the effc1ct of 2 , 3 , .5-triicdobenzo1 c acid (TIBA) on 
flax and observed the opposite effect, an inhibition of the apical 
dOC!linar..ce ldth breaking of lateral bud dormancy. Bothun and Ntlewaja. 
( 7 )  reported that abscisic acid (ABA) did not affect saed yield of 
6 
flax or other characteristics such as plant height, number of seeds per 
boll, seed size , percent oil, and iodine value . 
Nutritional F'act� � �late Flowering and Fruiting 
Many studies have been conducted to determine the effects of 
environmental factors on the flowering process D.r.d final yield. These 
effects can be direct through stress and tissue degeneration or incUrect 
through effects on substrate production and utilization. Response to 
environment depends upon the crop and stage of develoFment as well as 
the duration and lovel of envlronme:ntal exposures . 
The suggestion that nitrogen nutrition plays an importA!�t role 
in the flowering processes has been supported by sane authors but not 
by others . For example, Crowther (13 )  reported that internal starva­
tion of nitrogen checked flower production in cotton. MacKenzie and 
Schaik (59 ) reported that nitrogen was limitine in cotton up to a 
fertilization rato of' 240 lbs por acre, since further increase to J40 
lbs did not enhance any of the plant characteristics and boll 
properties measured. Nitrogen fertilization also increased the number 
of flowers in tomatoes despite the vigorous vegetative g�ow-th ( 104). 
Fisher (25 )  found that supplying tomato plants with 340 ppm nitrogen 
increased not only the . number of flowers but also tho weight of fruits. 
Application of 280 ppm N to swaet potatoes accelerated initiation of 
7 
flowering (49 ). Klacan and Berger ( 48 )  observed a. greater number ot 
pods and seeds of peas when nitrogen level was held at 200 ppm but 
fewer pods and seeds at 40 ppm a.'ld lowor. 
On the other hand, sane authors considered nitrogen fertiliza­
tion insignificant for flowering am fruiting. Gilbert and Tucker 
(.30 ) reported that .50 lb increments of nitrogen up to a maximum level 
of 150 lbs produced only mino1• adjustments in number of seeds per head 
and no significant change in seed weight of safflower. In expori..�ents 
by Eaton and Rigler (22 ), nitrogen did not have an outstal'lding affect 
on fruitfulness of cotton plants and high nitrate application oven 
tended to ba toxic. According to Abbott (1) , there was no effect of 
nutrient level on the number of flowers produced by strawberry plants. 
Hillman ( 41 ), in reviewing the role of mineral nutrition in nowaring, 
concluded t�at no major element has any special role. 
All physiological processes in plants with the exception of 
photochemical reactions are dependent upon temperature (6 ,  51, 73 , 
100 ). Temperature levels have had modifying effects on photoperiodic 
response and in a number of cases have appeared critical (8, 101). 
Fattah and Wort (24) att1•ibuted the increase in total number of pods 
per plant of bean plants grown at 26/21 C (day/night ) as compared to 
15/15 C to enhanced pollen activity. Runger (78 )  observed that, when 
Kalanchoe was grown at 15 C, a corresponding decrease in the number or 
flowers occurred as compared to 10 C. In Pa.spalum, howevor ,  a 
temperature or 15 C merely delayed tho initiation or fiowering , while 
co111plete inhibition o_f the process occurred at 5 C. The flowering 
intensity of Ladino clover stolort was reported to achieve its peak 
at J2 C and was the lowest at 21 C (75 ) . Deli and Tiessen (15 ) foum 
that fapsicum frutescens produced more fiowers �hen exposed to 12 C 
compared to a higher temperature of 18 C. 
Light quality, intensity, and duration are all factors which 
have vital roles in plant development , but the most critic al variable 
influencing photosynthesis is tho intensity of light (9J ) .  Campbell 
and Read (9 ) reported that low light intensity treat.1ttent of wheat 
reduced grain yield. The depressed yield was attributed to restricted 
translocation of assimilates. This wa.s supported by Tingle et a.l. 
s 
( 91 ) and Li verma..11. and Bonner ( 57 ) who stated that high light intensity 
requirement was due to the need for photosynthetate • .  Shading to reduce 
light intensity was done with sweet peas and  again the g2•ea.ter the 
intensity o� shading, the greater was the number of aborted flowers 
( 24 ) . 
Hennerty and Forshey (J9 ) found that defoliation reduced the 
n1agnitud.e of flowering and fruit-setting of apples because or low rate 
of net photosynthesis. Weber and Caldwell (99 ) also found that defolia­
tton of soybeans was not beneficial for flowering . Othor authors , 
however, opined differently. For example, an increased rate of net 
photosynthesis occurred when defoliation of Phaseolus and Xanthium was 
c onducted (63 ). The increased rate was attributed to increased 
stomata.l conductance. Roberts and Struckmeyer (76 )  defoliated cranberry 
plants at full bloom a� observed an inhibition of bud fonnation; 
howevel'· , if dafoli�'i:: .. ion treatment was done during the nonflowering 
stage, no bud inhibition occurred. 
9 
'rhe supply of carbon dioxide is one or the limiting factors in 
photosynthesis, with light saturation level for photosynthesis increas­
ing with increased CO2 concentration (102 ). Studies on CO2 enrichment 
of the atmosphere as a means of regulating nowering processes ,  however, 
are limited . Eastin and Sullivan (21)  found that maxL"Tlum uptake of CO2 
occurred dm•ing the blooming ·stage in sorghu.,.�. This increased CO2 
uptake was followed by yield increase, suggesting that a measure of 
tho CO2 uptake could also indicate yield performance of the· crop. 
H..i..llman (��l ) suggested that requirement for CO2 and high light j_ntensity 
are largely requirements for products of photosynthesis. Mattson and 
Widmer ( 61 ) studied the effects of CO2 enrichment on roses and found 
that the number of floweri11g stem 8-!"rl lateral buds increased in CO2 
supplemented atmospheres. They also observed greater leaf abscission 
but less root development when CO2 was raised frcm 500 and 700 ppm to 
1, 500 and 2 , 500 ppm o Further studies ( 61 )  showed that rose5 grown in 
CO2 enriched atmospheres did not need additional inorganic fert:i.lization. 
Hormonal Factors That Regulate Flowering and Fruiting 
Hormonal regulation of flowering (l} ,  10, 11, 23, 52,  69, 79 , 81) 
and fruiting (12, 31 , 40, 53, 98 ) has been extensively studied for all 
groups of hormones and physiologically active substances including 
auxins, gibberellins, cytokinins . and growth retardants .  
The role of au.tin in regulating tho flowering procenses is 
controversial. Leopold ��d Thima.'l'ln (55 ) increased the nu.rr1ber of 
10 
flowers . of bar lay and Teosinte plants by 35 percent with an application 
of 1 ppm NAA, but at 400 ppm a complete inhibition of flowering 
occurred . On the other hand , the out-of-season flowering reported 
in pineapple as a result of auxin sprays was attributed not to the 
sprays but to geotropism (94). Rice (74 ) reported that for several 
crop plants ther·e was no stimulation to flowering upon auxin treatment , 
but on the contrary blooming was markedly delayed . Tija et al. (90 ) 
reported that high levels of endogenous auxins in Chrysanthemum could 
account for their failure to produce flowers . Leopold (·53 ) ,  Hillman 
( 41 ) , and Chailakhya:n (10 )  agreed that au.xins do not directly regulate 
the flowaring processes .  Weaver and Sachs (98 ) suggested that the 
intimata involvement of auxin is in the process  of fruit set . This was 
based upon experiments with diffe�ent varieties  of berries which 
showed a marked increase in the number of fruit upon auxin application 
compared to GA and control treatments . Goren and Goldschmidt ( Jl )  
claimed that resumption o f  growth i n  citrus fruits could b e  due to 
high amounts of hormones of the auxin type . Pollen of Pinus radiata 
( 86 ) , Petunia hybrida , and Lilium spp. ( 5 )  were all fourrl to contain 
large amounts of au.xin that were considered to be  re sponsible for 
ovule development . Moe ( 66 ) observed that flowe1-- abortion in rose 
plants could be related to tho high levels of endogenous auxins .  
The involvement of GA in the regulation of flowering has also 
been investigated widely. Despite numerous reports of gibberellin 
affects on flowering , authors review�ng the subject of physiological 
actions of GA (71 ,  85 ) emphasized the idea that gibberellin acts 
11 
prima1--ily on stem �longation and not diroctly on floweri :ng i tsolf. 
1'hey fuz�ther cited Japanese authors who obserYed a rad.D.ction in grain 
yield in ric e as a res1.1lt of GA treatment . In anothe1"' case , tho 
flowering of Lemn..'l paucicostata was inhibi tod completely 1-rhen GA was 
supplied to  plants in the absence oi" EDTA ( 35 ) .  Guka.syan et al. ( 34)  
also clainl9d thP.t application of GA meroly accelora:ted activity of tho 
pith zo�e which in turn promoted stem gr01rt.h instead of apex diffar­
entla.tion in l"OO pf.n•il.la plant s .  However , Be.dr Md his co-workers (4)  
found that exogenous application of  GA3 in  some in stances increased 
the percenta.�e of perfect flowers produced in olive s .  The inc1:·ea.sed 
nt�mber of flo·w�rs that s�t fruit ou GA-treated blueberry bush as was 
<.1onsid.ered to be a fscto1• tha.t cau�ed smtll berry s1.z e ,  late ripening , 
and ultireatoly & :t-tJdttc()d yield ( 60 ) .  Bud inhibition (38,  97 ) i s  also 
a.11 effect that could occu-r as a 1��sult of GA treatment� 
Cytokinins may play an essential rolo in flowering , particularly 
in as sociation with the m1cleic acids in some :t"ole in sto:r:"age �d 
translation of genetic information (10 ) .  Sriva5ta.va ( 82 )  listed a 
l'�J..L.11ber of c.qsos where kinati11 treatment of plant s resulted in ±"lower 
pi•oduction. Wittwe1· and Dedolph (103 ) observed that 10-5 to 10-7 M 
kinstin t.raatments ir,.hibi ted flov-1"8!"ing of tomato plants but promoted 
fJ .. owering in pea pla.t--its given the same trea�11ent .  Reduction of 
flowering by kinetin was also reported for beans ( 89 )  and -wheat (92 ) .  
Gro .. rth inhibit ors are regulating substanc es which rstard a 
nlUiiber of gr<mth and developmental p1•ocesses . Thay actively depress 
g1•owth, pe:t•haps in part by a�ting as antagonists to auxins , 
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gibberellins, and cytokinins. Among the more �tldely studied inhibitors 
are the phenolic compounds and abscisic acid (ABA). Kefeli and 
Kadyrov (47 )  emunerated ::i list of physiological properties of natural 
growth inhibitors and compared the levels at which each group is  active. 
For example , growth depression by the phenolic inhibitors required 
concentrations 100 to 1, 000 times greater than JillA • .Addicott and Lyon 
(2 )  added that ABA accelerated senescence and promoted abscission. 
Although Guttridga ( 36 )  did not mention any specific inhibitor, he 
explained that  the suppression of flowering might have resulted from 
unfavorable com.peti tion with s timulated vegetative growth a possible 
primary effect. Mi.lborrow ( 64 )  cited some effects of ABA on flowering 
processas ; however, he s till considered that the function of ABA in 
normal flowering processes is unknown. 
Othe� growth retardants that have been studied include 2 , 3 , 5-
triiodobenzoic acid (TIBA), 2-chloroethanephosponic acid (Ethrel ), and 
chlorocholine chloride (CCC ). In a number of experiments, Zim..merman 
and Hitchcock ( 107 ) s tudied the effects of TIBA on tOlllatoes. They 
reported that it had morphogenic influences affecti ng both flowering 
and growth habits. They observed that the axillary buds which normally 
produced leafy shoots flowered in clusters. Even the main shoot of the 
plant lost the shoot-producing bud and terminated in flower clusters. 
Ins tead of the usual 3 to 7 flowers per cluster, there were 35 per 
cluster upon TIBA treatment. Galston (29 )  also obtained a marked 
increase in the nu:mber
1
of flowers from TIBA-treated soybeans (from 32 
on the control to 181 on treated) but concluded that TIBA does not have 
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any flo1•igenic property since it will not induce "'l'egetati ve soybeans 
to flower . Hipp and Crowley (42 )  reported that the yield of peas was 
increased by TIBA application. ThOP1as ( 88 )  studied the effect of CCC 
on 2 species of lettuce .  He. found that 2 , 000 ppm supplied through the 
roots increased the number of flower heads , dec1"'eased the nurn.ber of 
seeds but had no effect on seed weight. 
Hormonal systems may also act as inhibitors , especially at 
supraoptimal concentrations . Audus ( J )  proposed that auxins play two 
separate functions in this connection , namely, ( a )  provide the tissue 
with the facto1 .. initi ating fruit growth and (b ) a.ct as an inhibitor 
of those processes �hich cause abscission-layer formation in the 
flower sta..lk . He further suggested that the initial 1'"ruit-set is due 
to the auxin liberated from the pollen which then goes into the ovary. 
This pat ter1:- of development has been reported elsewhe1·e ( 86 ) ,  where 
the authors claimed that ovule abortion in Pinus radiata may be  due to 
the loss of auxin that may have leaked out from the pollen tube . 
Reports on the production of this hormone in the endosperm of rye ( 37 )  
and apple ( 58 ) have led t o  many studies o f  endogenous hormone levels .  
Whether excessive hormone levels may limit late flowering i s  not known. 
Finally, in addition to direct effects on the flowering process ,  
it is likely that hormonal levels indirectly regulata the duration of 
flowering and fruiting through changes involved in senescence . Osborne 
( 70 )  presented a theory of hormontl regulation of leaf senescence in 
which she c oncluded that the life span of cells can be prolonged or 
curtailed by hormonal regulation mediated through changes in protein 
2 6 9 6 7 0 
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and RNA synthesis / Stud..i..es that lend support t o  this include those of 
Letham (.56 ) ,  Thanas ( 87 ) ,  and McHale and Dove ( 62 ) .  Leopold et al .  
(54) suggested that senescence could be caused by accumulation with 
age of some inhibitors or toxic substances . This saerus to agree with 
tha reported role of ABA as the growth inh:1.bi tor which ac¢elera.tes the 
loss of chlorophyll and turgor in leaves and enhances fruit 
abscission ( 2 ) .  
MATERIALS AND METHODS 
Experiment 1 :  Light, Temperature ,  Nitrogent � Defoliation 
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In the first experiment, the effects of light intensity, 
temperature , nitrogen concentration, am defoliation of pla.�ts during 
the flowering cycles were investigated utilizing plant growth chambers .  
The experiment was conducted in  a .factorial design with fou1" replica­
tions. Seeds of C . I. 1303 were germinated in glazed crocks containing 
perlite, and seedlings were transplanted at 14 days of age to aerated 
nutrient solution. 'rhe plants were gr01-m to flowering in an environ­
ment of 25/20 C (day/night ) temperature , 27,000 lux light intensity, 
and 16-hour photoperiod . At first flowering the test env:i.ronmants 
(Table 1 )  were started . Two growth chambers were used to  accommodate 
temperature settings of 22/ 20 and 28/20 C (day/night). Each chamber 
was subdivided into three compartments differing in light intE-msity 
by means of wood panels supporting Saran Lu.mite shade cloths. The 
shades were rated 47, 20, and 6 percGnt and provided actual light 
intensities of 1'-},300, 25,500, and 31,900 lux, respectively . Three 
different nutrient solutions were prepared by addition of NH4N03 to 
a nitrogen-free solution giving treatment nitrogen levels of 50, 100, 
and JOO ppm ( 16 ). Ten plants were grown per 2-L pot . Water was 
added daily and nutrient solution was changed throughout the growing 
period at weekly intervals. Five of the ten plants were defoliated 
with trea�--nent commencing after initiation of the first flowering 
cycle. All . leaves on the main stem were excised with scissors, 
but bracts and s,epals were lef't attachoo. Daily counts of 
Table 1. Summary of environmental conditi ons utilized in all experiments 
-
Photo- Age at Li ght Nitrogen 
period T-.ea a.tm.en t Temnerat ure Intensity Level CO2 Level 
Exeerl.ment hours d�s 0c, aaYL ni�t lux :eorn EElTl • 
l. Factorial study 16 37 22/20 and 14, 300, 50, 100, Normal 
28/20 25 , 500 and, am 300 
Jl, 900 
\ 
2. CO2 Enrichment 
26/19 Trial l :  Test Chamber 16 37-L!-2 29 , 600 210 1260 and 
320 
Control Chamber 16 -- 2l./2l 34, 400 210 Norm.tl 
'l'rial 2 :  Test Chamber 16 25-45 25/19 14, 250 am 210 1270 and 
29 , 600 325 
Control Chamber 16 -- 20/21 J4�400 210 Normal 
� J .  Tissue Culture 16 51 ( eat•ly 21/21 5,llO -- Normal 
bloom ) ,  
58 (full 
blo01U ) , 
70 (post-
bloom ) ,  
and 77 
( senescent ) 
4. Endogenous IA.A and GA 
Avena bioassay 0 4 25/25 0 -- Normal 
Lettuce bioassay 24 3 25/25 4, 600 -- Normal 
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newly opened flowe;s were recorded. At the end of the first bloorning 
period, as indicated by the flowering records, all bolls we�e marked 
with colored strings. As the second flowe�ing period began, this 
procedure was discontinued to provid� a means of identifying at final 
harvest the flowering period in whi�� each boll was formed � Harvests 
wera made at two diff orent times . Plants grown in the growth chamber 
maintained at 28 C senesced early and were harvested 70 days after 
sowing. Plants grown at the lower temperature rem�ined in the growth 
chamber for an additional week (77 days from sowing ) .  Harvested 
plants -were oven-dried and weighed. In addition , bolls were clipped 
and threshed, and seeds were oven-dried and weighed. Data were 
reported as number . �d weight of bolls (both mature and imrnaturo ) par 
5 plants, mature seed yield in number - and g per 5 plants, number of 
seeds psr m�ture boll, and seed weight (mg/1000 seeds, abbreviated as 
mg/M). 
§?cperiment 2 : coz Enrichment 
Two tests were performed which dealt with carbon dioxide 
enrichment of the atmosphere. To achieve increased concentration of 
CO2 during the life cycle of flax, the test growth chamber was arranged 
to accommodate two enclosed. systems. Each system was large enough to 
permit culture of 80 fiax plants in aerated nutrient solution. The 
systems were constructed from 0 . 9  x 0.9 x 0. 6 m polyethylene bags 
( Figure 1 ). The inlet :port of each ba'g was attached by 24 mm (i.d. ) 
plastic tubing to a small fan, while the outlet port was provided with 
similar tubing of sufficient length to exhaust the air from the bags 
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Figure 1 ,.  Apparat us used t o  expos� flax plant s to atmospheres enriched 
with CO2 ,and to monitor CO2 le,rels during the experiment ., Left ! 
Infrared gas analyzer with recorder pl-us pump for ga,s-stream 
sampling $ Center : Plast:i. c  bs.g system housing fl ax  pl.ants 
cultured in aerated nutrient s.olut i,on., Two fans and .speed.-
control unit appear in front of the plas'l:.:tc bag system ., 
Right : CO2 tank 'With regulator .. 
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out of the growth ,,,chamber. By means of the fans, air was moved 
continuously through each bag. Rate of air now was not measu.red t 
instead the rate of revolution of each fan was adjusted by means of a 
control to a rs.ta giving the desired air temperature inside the bag. 
One of the bags '"lras supplied normal air throughout the duration of the 
experiment. The second was supplied air enriched -with carbon dioxide 
during the lighted hours and normal air during the dark period �  CO2 
was added from a gas tank outside the chamber th�ough a separate 
plastic tube sealed to the tubing between the fan �nd the inlet port 
of the bag. A Bec1'J11an L/B Infrared Analyzer, Model 15 A ( Flgure 1) , 
was employed to record the total concentration of CO2 of aach bag by 
means of an air-sampling system ccnstructed or plastic tubing. 
Calibration ot" the analyzer was accomplished with certified calibration 
gas mixtures (Matheson Gas Products ) containing 380 .  950 ,  and 1465 ppm 
CO2�  Complete nutrient solution (17 ) was provided throughout the study 
and changed at weakly intervals . To effect routine watering without 
interruption of gas flow, a 4-liter glazed crock was placed outside 
the bag and connect6d to the culture pans inside the bags by rubber 
tubing. Addition of water to the crock outsida simultaneously raised 
the level of liquid in the containers within the bag. Two growth 
chambers were used in each test, one was designated as the test 
chamber and contained the plastic bag systems while the other (control 
chamber ) contained the plants prebloom and at other times ·when no 
exposure to CO2 was being made. Environmental comitions for each 
chamber are presented in Table 1 .  
For COz Trial 1, plant.s of C .  I. 1303 were germinated and grown 
in liquid nutrient culture in one growth chamber as described 
previously. Plants were moved into the tes t  chamber ( control ·or high 
COz bag) at 37 days of age for varied treatment durations in the 
period from 37 to 71 days of age. Thus, the treatments were (1) 1260 
ppm vs. normal COz ar.d ( 2 )  varied periods of exposure. Four replica­
tions were made and distributed at ran:iom. Plants were returned at 
each treatment to the original culture pot in the chamber used for 
probloom growth. Daily flower counts ware recorded in both chambers 
and har·vests were made 76 days from sowing. 
The second tast dealt with the combined effects of CO2 enrich­
ment a,nd light intensity leyel at different ages from pr.ebloom to  
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late bloom stage (Table 1, Trial 2 ). The plants were grown at a light 
intensity of 34 , 400 lux and normal CO2 level until 25 days from sowine;. 
Then thay were moved into the plastic bag systems for v·a.ried durations. 
One section of each bag was left unshaded to receive full light intensity, 
while the other section was given 47 percent shading by covering the 
bag with shade cloth. Light in tensities in the bags ware 29, 600 lux 
in the unshaded end as compared to 14, 2500 lux in the shaded. After 
each treatment was accomplished, the plants were returned until 
harvest to the original growth chamber at the same light intensity 
received in the plastic bag system.  Because of hastened senescence, 
plants grown under high light intensity were harvested earlier than 
those at low light intensity treatment ( 77 and 90 days after sowing, 
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t"especti vely ). Parameters measured at harveut wore essentially the 
srune as in Experiraent 1 except only 4 plants were used per replication. 
Experiment 2:. Ti �� Culture of Isolated Buds 
The in vitro study was conducted using tissue culture techniques 
to expose selected buds from flowering plants to growth regulating 
compounds. Murashige and Skoog ' s  revised modium (96) for culturing 
tissues of higher plants was utilized with the following modifications : 
10 ml/L Na2EDTA, 27 g/ liter sucrose, 10 g/liter granulated agar, and 
pH adjusted to 7 . o  with Na.OH before addition of chemical treatments. 
Growth regulators tested were J-indoleacetic acid (IAA),  kinetin, 
gibbereLlic acid ( GA) , and naphtho.leneacetic acid ( NAA). IAA was 
obtained from Eastman Kodak Company llnd. the other regulatot•s were 
obtained from Nutritional Biochemicals Corporation. All we1·e used as 
received ·without purification. The regulators were added to the basal 
medium at concentrations of 0 . 5 ,  1.0 ,  5 . 0 , 10 .0, or 50.0 ppm by 
dilution of 100-ppm stock solutions before autoclaving the culture 
flasks. In general, five replications of every treatment were used. 
Sterilization at 248 C and 10,500 kg/m2 pressure for 15 minutes was 
followed by gradual cooli.ng of the medium inside an isolation chamber 
um.er short-wave U.V. light. Aseptic planting was performed within 
20 houi•s after autoclaving. Culture vessels included Erlenmeyer 
flasks, square weighing bottles, and wide-mouth bottles. All equipment 
used for dissection and isolation was autoclaved for 20 minutes and 
further exposed to U.V. prior to isolation. 
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Stock plant materials of C .  I. 1303 were grown in 4-litar glazed 
crocks containing a 1 : 1  ( v/v )  mixture of vermiculite and peat moss . 
Complete nutrient solution was supplied once a week. Other environ­
mental co1rli tions are presented in Tabla 1. Shoots were cut in the 
growth chamber and brought to the l�boratory for initiation of tho 
tissue cultures. Segments one cm in length were excised and floated 
one minute on a disinfecting fluid which consisted of 1 : 9  (v/v)  Purex 
(active ingredient : 6 percent hypochlorite ) e...l'ld distilled water.  
Three rinses of sterilized distilled water immediately followed . 
Excess solution adhering to the segments was blotted -with paper 
toweling. 
Isolation of buds for tissue cultures began with first 
blossoming of the fl<?-x plants in the growth chamber. Every culture 
flask was a.G_eptic ally planted with three kims of bud. These included 
" terminal buds, 1 1 1 1 alternate buds, 1 t and buds from tho main stem below 
the lowest panicle branch ( Figure 2 ). The buds described as 1 1 terminal11 
were actually top lateral buds of panicle branches, while the 
"alternate" buds ware inhibited buds in the a..-icil of every other 
alternate leaf on pa.nicle branches. After the first isolations at 
early bloom stage, successive cultures were established at late bloora , 
postbloom , and senescing stages of growth. The period of culturing 
varied, depending upon the nature of the growth exhibited by the 
cultures. However, an average of three weeks was allowed before 
final observations were taken. Observations recorded 
during the incubation period for each type of bud included 
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Figure 2. A typical flax panicle at postbl,oom st.age showing types of 
bud isolated for tissue culture stud ies ,  Arrows mark the inter­
nodes which ware used . 
appearance of tha first fiower, nature of growth (callus, roots, or 
stem) , and length of shoot developing from each bud • . 
Pffierj_ment 4 :  Endogenous .!!! � g_! 
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Chemical and biological analyses of flax tissues for errlogenous 
growth substances ware conducted on frozen materials obtained from the 
Imperial Valley of California. Two Yarieties, C. I. 1303 and ' Dunes , '  
were grown under the direction of Dr. B. H. Beard during the 1970-19•?1 
field season. Plots were 6 m long and contained one row of ' Dunes , '  
one of C. I. 1303, am three rows of other vari(:Jties. At the time of 
first nowering, 10 representative plants were selected and permanently 
identified in order that fiower counts could ba made periodically to 
identify flowring cycles .  Counts of newly openoo flowers were ma.do 
twice a week from February 11 through May 2.5, 1971. In addition , plant 
samples of approxilnately 100 g fresh weight were ha1--vestad on the same 
dates. These samples were frozen immediately in dI"J ice and stored 
frozen. At later dates, the materials were shipped by air to Brookings 
in insulated boxes containing dry ice. 
For recovery of endogenous hormones, a procedure was adopted 
( Figure 3 )  which was a combination of published methods (.5, 31). 
Entire shoots were cut into segments approximately 1 to 2 cm long am 
extracted for at least 40 hours with absolute methanol a.t 4° C. The 
crude extract was filtered through Whabnan No • .5 filter pa.per in a 
Buchner fu.nnel and avappratad 1!! vacuo using a rotary evaporator with 
condenser. Complete removal of the methanol yielded a concentrated 
aqueous residue which was then treated with 0 . 5  M phosphate buffer at pH 
30 g 
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Plent m ate1'ial! (50 g )  O\·,�:;�ed ► P�:-cont moist,1ra 
f)j:t�scted ·w1. th c1.bsolute mi9than::>l at 4° C 
fo1· :�.o hours 
l .Aqueous· fro.ct ton 
Md phosphate buffer at pH 8 � 0 
(1 ml/ 3 g tis sue )' 
! 
Extract ·with petrolemn �ther --► lipids �md pj g,t.�::�ts . 
! 
(discs..'l"ded ) 
Aqu.c c)U S frac'L1 on 
J\.cidifi�d t.o pH 2 .  S -s-:-ith 
20 p�r·ccr1t, H3FD4. 
r ____ _j___�---·--1✓ 
o:..iU.::: v�1_1:mt e:-.<trc1cted with 10  g equj_valent o.xtr·act ed 'id t.J:. 
ethyl e.cetat0 din thyl ethe1,· 
i i 
Ethy ]. acetate extract 
i 
I/d•_ fluo:d.1notry 
GA bioassay s:nd bioa�say 
?iguz•c J ..  Erl:raction pr-cc£<l�t"CS fc?- endoge1v,u� IAA artj GA. 
8. 0 at a rate of 1 ml buffa� for 3 g of tissue. The al.kaline extract 
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was transferred to a separa.tory funnel along with sequential water and 
petroleu::n ether rinses from tha evaporating fl�sk. These pooled 
fractions were extracted with petroleum ether to eliminate lipids and 
plant pigments. After acidification to pH 2. 8 with 20 percent H3P04, 
the aqueous fraction was subdivided to two portions. One portion, 
equivalent to 30 g tissue, was extracted with ethyl acetate to recover 
GA (5 ) .  · The second, equivalent to 10 g, was extracted with diethyl 
ether for recovery of IAA (31 ) . 
Measurement of IAA by fluorimatry followed tha procedures of 
Stoessl and Venis ( 84 ) . Aliquots equivalent to 1 . 0, 0. 1, and 0 . 05 g 
of sample (fresh weight ) were pipetted into 7-cm shell vials and 
evaporated to dryness. A 1 : 1  ( v/v )  Lrl.xtm?e of acetic anhydride and 
trifluo�oac�tic acid was prepared an:l chilled over ice. Vials contain­
ing the samples wore placed in crackad ice and chilled. After 10 
minutes, O. l ml of reaction mixture was added to each vial followed 15 
minutes later by 4. 5 ml of chilled 5 percent Na2C03. After vigorous 
shaking or the reaction vial, fluorescence intensity 'Was read on a 
Turner and Assoctates Model 110 fluori.111eter using narrow pass filter 
no . 47-B which peaks at 436 nm. Sample aliquots were run in duplicate. 
In addition, blanks were preptu-ed to correct for natu1 ..a1 sample 
fluorescence by adding reaction mixture and Ns.2C03 i11 reverse order. 
Correction for quenching was made by adding a known amount of IAA to an 
additional sample aliquot and completing the above reaction sequence. 
IAA concentration was determined from a standard curve of concentration 
plotted against fluorescence intensity ( Figure 4) .  Values obtained 
in this manner were presumed to accurately reflect IAA content of the 
tissue and are reported on this basis. The originators of the method 
(84 )  exa�ined a number of irrlole compounds for possible reactions 
which would g ive false values for IAA. Their tests were largely 
negative. They were led to believe, therefore , that the values are 
true measures of IAA. It is recognized in this work , however, that 
the reported method needs additional verification. 
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Bioassay of I.AA was accomplished by a standard Avena coleoptile 
test (65).  Paper chromatographs of the pH 2. 8 diethyl ether extra.ct 
were developed overnight in a solvent system of isopropanol : NH40H:water 
( 80 : 0. 1 : 19.9 ;  v/v/v) .  Seeds of James Hulless oat were germinated in 
vermiculite in the dark for 72 hours ( Table 1 ) .  Coleoptile segments 
l crn in len�th were then cut starting 3 mm below the tip. A photo­
tropic ally inactive safe-light , Kodak Series 6B green, was used during 
coleoptile segment preparation. Ten segments  were tr�.nsferred into 
prepared vials containing the water eluate from the chromatographic 
strip between Rf zones 0. 3 and 0 . 6 8 Incubation of the coleoptiles 
required 24 hours am was done in styrofoam racks attached to a 
clinostat rotating at 2 rpm. Photographic images of the elongated 
coleoptiles were prepared at the end of the incubation period by 
p1--ojection with a photographic enlarger. Extent of elongation in the 
tissue extracts was compared to water. 
Bioassay of GA was acc omplished by the lettuce seedling assay 
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reduced in Yolume, .;  streaked on 8 x 37 cm W'.natman No. 1 filter paper , 
and developed in the same solvent system used for IAA. ' Grand Rapids ' 
variety lettuce was germinated 48 houi�s in the dark at 250 C. Selected 
seedlings were then grown in continuous light (Table 1 )  at 25° C in 
petri dishes containing water and paper strips cut at Rf units from 
the paper chromatographs. Hypocotyl extension was measured a�ter 72 
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i'lpL1'9'9 5 .  Calib1•�.tior1 curve f' or thi:) lettuce seedling bio a.ssa.y of' GA. 
T�e vtlu.as arc in pe�cent of th,3 cont1�0J. . 
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RESULTS 
Exper1J�ent f: LightL ,!�perature , Nitrogen, !!!£ Defoliation 
The first experiment was a growth chamber study c onducted at 
two temper�ture levels . Light intensity was va�ied from 14, 300 to 
31, 900 lux in one set of treatments and plants were defoliated in 
another set to evaluate the contribution of photosynthe sis to flowering 
p atterns . Nitrogen level was similarly evaluated as a nutz•itional. 
factor over the range of 50 to 30 0 ppm in the nutrient s olution . To 
assure that the effects measured wera related to flowering and not to 
vegeta.ti ve_ growth pre bloom,  the plants were all grown 1·rom germination 
to fil-•st bloom in one environment, and the experiment al  environments 
were impo sed only during the flowe1•i ng peri od .  Data. obtained from 
measurements made at harvest were analyz ed stetistically (Appendi,c I )  
with significant differences between means being deterrainad by Tukey' s 
w -proced.ure ( 83 ) .  
As light intensity was increased from 14, JOO t o  25 , 500 lux , a 
sign:t ficant increase in seed yield re suJ.ted in both fiowering periods 
( Tables 2 and J ) .  While the number of bolls developed during the first 
flowe1•ing period was not affected by light intensity, a marked increase 
in the number of bolls produced during the second n,1sh was observed 
( Table 3 )  upon the change from 14, 300 to 25 , 500 lux . 'Nu,-nbe1• of seeds 
per mature boll was not affected by the increasa in light , but s eed 
weight (mg/M)  was significantly increased. 
A further increase in light intensity to 31 9 900 lux p:-ovided 
no a.ddi tiona.1 increase in bolls or seed ( Tables 2 and 3 ) .  In fact , a 
Table 2. Effects of light intensity, temperature , nitrogen, and defoliation 
traatmants on boll and seed production of flax during the first 
fiowering period!;./ 
No. No. No . Seeds Seed 
Visual Mature Matura Per Mature Yield 
Treatment Ratj_ng!2/ Bells Seeds Boll g 
_ Light Intensity (Lux) 
14, 300 6 .9  a 29 . 0  a 128 . 9  a 3. 8 a 0 . 45 a 
25 , 500 8. 2 a 35 . 5  a 190. 8 a 4. 5 a 0 . 81� b 
Jl,900 8 . 5  a. 31-4-. 2 a 159 ., 5  a 4. 0 a 0 . 66 ab 
Tsmpera.ture ( 0c) 
22/ 20 7 . 3 a. 46.J a 241. 5 a 4. 6 a 0 .,96 a 
28/20 8.4 a 19 . 5 b 77.9 b J . 6  a 0 .34 b 
Nitrogen (ppm) 
50 7. 9 a 34. 5 a 172 . 3 a 4. 0 a 0 . 67 a 
100 7. 5  a J0 . 5  a 147. 7 a 4.4 a 0. 62 a 
JOO 8. 2 a JJ . 6  a 159.l a 4.0 a o . 66 a 
Defoliation 
Yes 7. 8 a 18.6 a 71 .. 7 a 3. 6 a 0. 30 a 
No 7 . 9  a. 47 .. 2 b 247.7 b 4.7 b 0. 99 b 
Seed 
Weight 











!/ Values within a c�n for each main effGct which are followed by the same letter do not 
differ significantly at the 5 percent level according to Tukey' s -procedure (8J ). 
Values given are sums for 5 plants. 
E/ Scale 1 to 10 : 0 signifies O to 10 percent shoot and boll desiccated, etc. maasured 
at harvest time. 
\..,.) 
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Table J. Effects of light intensity, temperature, nitrogen, and defoliation 
treatments on bo� and seed production in flax during the second flowering period!: 
No . No. Total No. Seeds Seed 
Mature Immature No . Mature Per Mature Yield 
Treatment Bolls Bolls Bolls Seeds Boll g 
- Light Intensity (Lux) 
14, 300 14. 1  a 13 . 0  a 26. 7 a 72. 6 a 4. 0 a 0. 26 s. '-
25,500 22. 7 b 7.0 a 29. 7 a. 104.9 b 4. 3 a 0. 45 b 
Jl , 900 15. 2 a 3 . 7  a 18.9 a 67 . 3  a 4. J a 0 . 30 a 
Temperature ( oc )  
22/20 22.7 a 14. 4 a 37.1 a 118.7 a 4.7 a o. 45 a 
28/20 12. 0  b l. J b  lJ. 2  b 44.5 b J. 6  b 0 . 22 b 
Nitrogen (ppm) 
50 16. 5 a 8. 3 a 24. 8 a 78. 6 a 4. 2 a 0 .. 35 a 
100 17.l a 9. 2 a 26. 3 a 89. 8  a 4. 6 a 0 " 36 a 
300 18. 4 a 6. 2 a 24. 2 a 76. 5 a 3. 7 a 0. J0 a 
Defoliation 
Yes 10. 6 a 5 . 2  a 15 . 6  a 46. 0  a 3. 7 a 0 .18 a 
No 24. l b 10. 6 a 34. 6 b 117. 3  b 4. 6 b 0. 50 b 
!/ Values within a column for each main effect which are followed by the same letter do 
not differ significantly at the 5 percent levol. Values are sums for 5 plants. 
\.,J 
\.,J 
reduction was observed in both the number of mature bolls an:i seed 
yield in the second flush. Thus. tho effect of increased light on 
boll and seed formation was ono of stimulation up to 25, 500 lux and 
one of reduction at still greater intensity. Visual observation of 
the plant s throughout the course of the experiment showed that plant 
senescence was markedly hastened at the higher light intensities, 
although this was not apparent from visual ratings of tissue desicca­
tion at hai�vest ( Table 2 ). The hastened senoscenca was aspecially 
pronounced at 31,900 as compared to 14, 300 lux. 
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Air temperature definitely influenced the performance of C. I. 
1303 flax with plant development being generally favored by the 
relatively cool day/night temperature of 22/20 C (Tables 2 and 3 ,  
Appendix I) .  Upon exposure o f  plants to the high temperature treat­
ment ( 28/20 .C) ,  both boll and seed p�oo.uction were reduced. Contrary 
to previous observations on temperature effects (19 ) , the number of 
seeds per boll was not affected, while seed weight (mg/M) was increased 
by the warm temperature treatment. With regard to rate of plant 
senescence, no significal1t differences among treatments were found in 
the visual rating of tho plants at harvest. It was apparent ,. though, 
that low temperature prolonged flowering, since a greater number of 
immature bolls was produced at 22/20 than at 28/20 C .  
Nitrogen did not appear to be a limiting factor in this 
experiment, and no significant difference was obtained in any charac­
teristics measured at the three nitrogen concerrtrations used ( Tables 2 
and 3 ,  Appendix I). Thus, changes in nitrogen level during flowering 
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failed to enhance boll production in either the first or seconi 
periods of blossoming. 
As illustrated in Tables 2 and 3, leaf removal markedly affected · 
yield as well as most other plant characteristics measured. Defolia­
tion significantly decreased the number of bolls and seeds formed in 
both flowering phases. It is inte:t'esting to note, though, that despi ta 
the tremendous increase in the number of seeds produced by undefoliated 
plants, the seed weight (mg/M) did not vary much from the defoliated 
plants. Therefore, seed size remained constant in these two treat­
ments, but the total number of seeds was greatly reduced by defoliation. 
Another interesting observation related to the defoliation treatments 
was the detection of a number of significant interaction effects of 
light, and temperature (Appendix I) . Exa.raination of the t1•eatment means 
( Table 4) s�owed that the enhanced seed production that resulted as 
light intensity was increased from 14, 300 to 25 ,500 lux occurred 
p1•imarily in the plants grown in the cool temperature in flowering 
period 1 arrl in the warm termpature in period 2. Both defoliated 
and undefoliated plants responded to the increases in light intensity 
and the reduction in temperature. 
Rxperiment 2 :  CO2 ]'�nrtchment, Trial ,! 
In the second experiment, plants were exposed to increased 
levels of CO2 to enhance photosynthesis and thereby influence 
flowering p��ttorns. Two trials were con::lucted in this part of the 
experimentation program, the first of which dealt with plants fed at 
different ages for varied durations. For co1wenienco of statistical 
Table 4. Interacting effects of light intensity, temper,ture, and defoliation . 
treatment on boll ar.d seed production of flax.!/ 
Characteristic 
Measured Treatment 
Tempera.tlu•e at 22/ 200 C 
Light Intensiti (Lux 
14, JOO 25 . 500 Jl , 900 
First F.l.owering Period 
- No . mature bolls Defoliated 17 .7  def 31 . 8  cde 27 .5  cdaf 
No. mature seeds 
No. mature bolls 
Undefoliated 71.1 ab 84. 7  a 53 .l  be 
Defoliated 57 . 8 d 
Undefoliated 31J . 7  ab 
153 . 6  bed 113 .9  bed 
516 . 8  a 293 . 6  be 
Second Flowaring Perlod 
Defoliated 
Undefoliated 
9 .5  de 
37 . 6  a 
17 . 2  bed 
31. 3  a 
12 .9  de 
27 . 5  ab 
No . immature bolls Defoliated 13 . 6  be 11. 4  cde 
12.7 bed 
3 . 8  defg 
10 .9  cdef 
Total no. bolls 
No. mature seeds 
Undefoliated 34. 2  a 
Defoliated 
Undefoliated 
23 .1  def 
71 . 7  a 
25 . 6 cde 
44.1 b 
Defoliated 37.1 def 78 .1 cde 
Undefoliated 211. 6 a 173 . 6  ab 
16. 7  ef 
J8 . J.s. be 
55 . 7  def 
137/3 be 
Temperature at 28f22° C 
Light Intensity ( • 
14,300 25 , 500 31 , 900 
11 .7  ef 5 . 7  f 
26. 0  def 19 . 6  def 
33. 8  d 17. 6  d 
ll0 . 3  bed 75 . 2 ed 
1. 6 e 
8 . 6 de 
0 g 
1. 7 fg 
1. 6 g 
10 . 3 fg 
15 . 2  cd 
27. 2  a.be 
1. 7 fg 
2.1 efg 
16.9  ef 
29 . 3  ed 
5 . 9 f 56. 7  def 
35 . 9 def 92 . 5  cd 
17.l ef 
39 . l  cd 
53 . J  d 
177. 1  bed 
7.0 do 
13 . 6  de 
7 . 7  cdefg 
21. 8  b 
10. 8 fg 
24. 5  de 
24. 4 ef 
52 . 6 dsf 
!/ Values for a characteristic which are followed by the same letter do not differ 
significantly at the 5 percent leval. Values are sums for 5 plants .  
\.J.) °' 
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s.ntlysis , an a:rbi-t�ary grouping of treatments was made in thi s trial . 
One group received " early" treatment , meaning that the plant s were 
subjected to CO2 feedil".g at 37 days of a.ge ( approximately 3 days after 
first bloom ) for periods of 7 , 14, 21, or 28 days and then were 
returned to the c ontrol chamber . A s econd group , designated the "late1 1 
tre atment , c onsisted of plants that went irrt.o the test bags bet wean 
the ages of 44 an:i 71 days for the same periods as the first group . 
All plants wero harvested at the same time , 76 days from sowing. 
Again in this experiment , definite flowering cycle s  were 
observed ( Fig�es 6 and ? ) .  CO2 tre atm ent enhanced flower prod.uoti on 
in the first flowering peri od ,  but the effect was limited to plant s 
given the early treatment . The finding of an effect or CO2 on 
flowering pattern was confirmed by statistical analysis of the numb er 
of mature bolls and several other characteristics moasured at harve st 
(Appendi..x II). These analyses aJ.so revealed numerous differences 
between e arly arxl late treatments but only one case where the inter­
action of tha gas effect arrl. dat e  of treatment was significant . Thus , 
CO2 treatment produced significant effects regardles s  of the duration 
of the treatment peri od ,  provided tho treatment began no later than 'J7 
days of age .  Whan 002 level was incr0ased troM 320 t o  1 , 260 ppru and 
plants wero treated at an early age , an inc:rease in the number of 
mature bolls was observed ( Table 5 ) .  This increase in number of bolls , 
though , was offset by a reduction in the boll weights (mg per boll ) .  
The number of aborted bolls also increased in high CO2•. Ea.1"'ly 
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A G E ( DAYS ) 
F:igm•o '? . �"J-Otta�ir1g pn.tter1 )s  of  C .  I. .  1.J0J grc.,,m in ru.1 elwiz·or"nc,nt 
P-Jnc-ici1Gd. m th CO2 fT•om I.J-2 ttJ 70 d'9.:,·s oi' �.go ., 
Table 5 . Growth and development of flax as affected by c72 lovel in the period from 37 to 71 days of age ( Trial I ).! 
wt .  wt .  
No. No. No . Total Mature Immature Mg Por 
Age Mature I.mmature Aborted No . Bolls Bolls Mature 
Treatment days Bolls Bolls Bolls Bolls g g Boll 
- Air, early 37-43 69 . 3 o . o 9 . 3  78 .5  4. 3 o. oo 61. 0  
37-.50 70 • .5 0 . 3  9 . 3 82 . 5  4. 5 0 . 01 62 . J ' 
37-57 74. 5  5 .5  13 .5 93 . 5  4. 5 0 . 21 61. 0  
37-64 67 . 8  3 . 5 16. 0  87 . 3  4.1 0 . 07 60. 8  
Mean 70 . 5 a 2 . 3  a 12 . 0  a 85 . 4  a 4. J a 0 . 07 a 61. J  a 
Air, late 44-71 75 . 0 o. o 6. o 81 . 0  4.9 o. oo 63 . 3  
51-71 79 . 8  8 . J 12 . 0  100 . 0 4. 8 0 . 18 61. 6  
58-71 81. 0  8 . 3 6 . 0  95 . 3  5 . 0 0 . 29 61. 2  
65-71 ll2.5  1. 8 12 . 8  127 . 0 7. 6 0 . 05 68 . 5  
Maan 85 . 2  ab 4. 6 a 9 . 2 ab 100 . 8  ab 5 .. 6 a 0 . 13 a 63 ,. 7  a 
CO2, early 37-43 83 . 0  10. 0  16. 3 109 . 3 3 . 6 0 . 23 43 .9  
37-50 107 . 3  5 . 5  26. 3 139 . 0  5 . 0 0 .12 46.J 
37-57 113 .5  3 . 0 21 . J  137 . 8  5 . 6  o . os 50 . 7  
37-64 106. 3 13 . 3  17. 8  137 . 3  4. 7 0 . 41 44.7  
Mean 102 .5  b 7 .9  a 20 . 4  C 130. 8  b 4. 7 a 0 . 21 a 46. 4 b 
002, late 44-71 69 .5  o . o 4. 5 74. 0  4. 3 o . oo 62. 0  
51-71 97 . 0  2. 0 5 � 5  104. 5 7 . 0 0 . 04 71. 8  
58-71 81 . 8  ; . 8  8 " 0  93 . 5  4.9 0 . 19 61. 7  
6.5-71 92. 5 0 .5 5 . 8  98. 8  6. 6 0 . 02 71. 4  
Mean 87. 0  ab 2 .1  a 5 .9 b 92. 7  a 5 . 7  a 0 . 06 a 66. ? a 
!/ Means 'Within a colu."7ll1 which are followed by the same letter do not differ 
significantly at the 5 percent level. Values are sums for 4 plants.  
g 
Age 
Treatment days ··tops 
Air, early 37-43 6 . 85 
37-50 7 . 05 
37-57 7 . 57 
37-6!� 7 .11 
Mean 7 . 14 a 
Air, late 41+-71 7 . 65 
.51-71 8 .90 
58-71 8 .97 
65-71 12� 66 
Hean 9 . 54 a. 
CO2, early 37-43 7 . 26 
37 ... 50 9 .10 
37-57 9.93 
37-64 9 1' 03 
Mean 8. 83 a 
CO2, late 44-71 6 . 86 
51-71 10 . 62 
58-71 8. 36 
65-71 10 .73 
Mean 9 .14 a 
Table 5 Continued 
Plant Wei�ht I S 
Roots 
0 . 70 
0 .. 65 
0 . 78 
0 . ?6 
0 . 72 a 
0 . 69 
0 .93 
0 . 87 
1 . 05 
0 . 89 2.b 
0 <> 84 
1 . 09 
1 . 03 
0 . 91 
0 .97 b 
0 . 69 
0 ., 78 
0 .76 
0 . 96 
0 . 80 ab 
fottl 
7 ., 55 
7 ,. 70 
8 ,. 35 
7 . 87 
7 . 87 a 
8. 34 
9 . 83 
9 . 85 
13 . 70 
10 . 43 a 
8.10 
10 . 19 
10 . 96 
9 .94 
9 . 79 a 
7 . 56 
11. 40  
9 .12 
11�49 




521 . 0 
497. 8 
.502 ., 8 
430 . 0  
487.9 ab 
519 .. 3 
437 . 8  
4l.:,2 .. 5 
752. 0 
537 .9 ab 
272. 0  
LJ-04. 5 
468 .. 5 
331 . 3  
369 .1 a. 
416.5 
661 . 8 
438 • .5 
672. 8 
547 . 4 b 
Seeds Mature 
Per Seed Seed 
Mature Yield wt. 
Boll g mg/M 
7 . 3  2.59 4900 
6 . 8 2 . 64 5040 
7 . 1  2 . 52 5270 ' 
6. 4 2. 31 4900 
6.9 a 2 .51 ab 5130 a 
6 . 8  2 .93 5560 
5 . 7 2.54 5780 
5 . 6 2 .52  5740 
6 . 8  4. 37 .5840 
6 . 2  a 3. 09 a 57.31 b 
J . 5  1. 38 4980 
3. 8 1.98 4860 
4. 4 2. 28 5380 
J . 4 1 .54 4590 
3 . 8  b 1 . 80 b 4850 a 
6 .1  2 .17 5160 
6 . 8 3 . 78 5680 
5 . 6 2 . 39 5380 
7 . 3  J .94 5860 
6. 4 a J . 07 a 5520 b 
f3 
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yield was not significantly altered by CO2 enrichment in spite of tho 
increase in number of bolls . Wnole plant weights were not affected by 
th� treatments, although the dry weights of roots from plants grown 
under high CO2 in the early treatment periods were significantly 
higher than weights of roots from plants grown under normal CO2 . 
Experiment 2 :  CO2 Enric hmen_�.J. Trial !,! 
In trial II, the carbon dioxide em-·ichment study was repeatod 
with two changes in procedure : ( a )  plants uere subjected to CO2 frO?!l 
2.5 t o  55 days of age , 10 days earlier than tho previous CO2. test ; and 
(b ) two light intensities, 14, 250 and 29 , 500 lux , were employed .  The 
gas treatment s ranged from 9 to JO days in duration . Statistical 
analyses of the data obtained at fiw,..J.. harvest ai�e presented in 
Appendix II. Data arra..nged to 1 .. eveal date, gas , and light intensity 
effects are presented in Table 6, while comparisons between trials I 
and II c an be made fr-om Table 7 . 
An incre ase in CO2 concentration to 1 , 270 ppm at a light 
inten sity of 29 , 500 lux significantly increased the number and weight 
of mature bolls , total number of seeds , and number of seeds per boll 
but at the same ti..�e decreased the number of immature bolls ( Tables 6 
and 7 ) .  With the exception of the increase in seeds per boll , these 
results are in general agreement with the observations of trial I 
( Table 7 ) .  Dry weight of roots was not increased by CO2 treatment in 
trial IL At low light intensity, no characte:z•istic was significantly 
af£ected by ·CO2 level . 




No. No. No . Total Mature Jir.matui•e Mg Per 
Age Me..ture Im..-rnature Aborted No . Bolls Bolls Mature 
Treatment days Bolls Bolls - Bolls Bolls g g Boll 
Air� 14, 250 lux 25-35 37 ., 5  42.5 31 . 3  111. 3  1. 7 1 . 24 46 .. 3 
35-4-5 33. 0 28 . 8  35 . 3 97 . 0 1 . 7  1 .18 50 .5  
45-55 59 . 5 18 ,. 8 60 . 0  138. J 2 . 2  0. 75 36. 7 
25-55 34. 8 22. 8 32 . 3 89 . 8  1 . 3 o . 86 38. 4  
Mean 4L. 2  a 28. 2  a 39 . '? a 109. l a 1. 7 a 1 . 00 a 43 . 0  a 
Air, 29 ,.500 lux 25-35 47. 0  25 .5 14. 8 87 . 3  2. 3  1 . 13 46. 6 
35-45 55 . 0 13 . 3 17. 3 85 .5 2 . 4  0 . 38 460j 7  
4-5-55 58 . 0 25 . 0  18. 8 101 . 8 3 . 0 1 . 01 52 .1  
25-55 54. 8 44. 3 24. 3  123 . 3  1 . 7  1.99 JL O 
Mea...� 53 . 7  a 27 . 0  a 18. 8  b 99 . 4  a 2. 4 a 1 .13 a 44. 1  ab 
CO2, 14, 250 lux 25-35 66., 8 31 .5 35 . 0  133 . 3 2 .9 0 . 83 1i3 . 3 
35-L�5 43 . 8  19 . 8  40. 8  104 .. J 1 . 8 0 (1 71 41. 2  
45-55 58. 5  34. 5 60 . 5  153 .5  2. 3 1. 01 40 . 1  
25-55 45 . 5  16. 5  35 . 8  97 . 8  L9 o .64 42. 1  
Mean 53 . 6 a 25 . 6  a l�J . 0 a. 122. 2 a 2 4) 2 a 0. 80 ab 41 . 7  a 
CO2, 29 ,500 lux 25-35 57 . 0  17. 0 13 . 5 87. 5 3 . 5  0 . 79 61. 0 
35-45 96. 8 oo . o  19 .. 8 106. 3 4. 2 o . oo 49 . 4 
45.,.55 75 . 8  19 .5  27 . 8  123 . 0 3 . 8  o . 64 48. 6  
25-55 · 73 . 5 11. 8 14. 0 99 . 3  3 . 0  0 . 37 41. 0 
Mean 73 . 3  ab 12 .l b 18. 8 b 104. 0 a. 3 . 6 b 0 . 45 b 50. 0 b 
!/ Means within 2. column which are followed by the sam.o letter do not differ � significantly at the 5 percent level. Values are sums for 4 plants. \,..,.) 
Table 6 Continued 
--
Charac teristics Measured 
No. 
No. Mature Seed Seed 
Age Pla.nt Heishti g Mature Seeds Yield Wt. 
Treatment days Tops Roots Total Seeds Per Boll g mg/M 
- Air• 14, 250 lux 25-35 7 .19 0 . 77 7 . 96 169 . 3  4. 5 0 .97 .5730 
35-45 7. 35 0 . 60 7 . 95 188. 8 5 . 7 1. 04 5500 \ 
L�5-55 6. 59 0 . 50 7. 09 274. 0 4. 4 1 . 30 4620 
25-55 5 .14 0 . 49  5 o b2 150 . 5 4. 3 o . 69 4610 
Mean 6.56  a 0 . 59 a 7 .16 a 195 . 6  a 4. 8 a 1 . 00 ab 5110 a 
Air, 29 ,500 lux 25-35 6. 89 Oo 80 7. 69 120 . 3  2 . 3  0 . 74 6210 
35-45 5 . 90 0 . 57 6. 47 196. 3 4.1 1.01 5090 
45-55 7 -93 0 . 71 8. 64 281. 0 4. 7 1 . 54 5420 
25-55 8 .. 14 o . 86 8. 99 44. 5 o . 8  0 . 24 5300 
Mean 7 . 21 a O .  73 ab 7 .95 a 160 .5 a J . 0 b o . 88 a 5500 b 
CO2, 14, 250 lux 25-35 7 ., 83 0 . 76 8 " 59 332 . 5  5 . 0  2 . 00 6010 
35-45 5 . 21 o . 49 5 . 71 200 . 0  4. 6 1. 05 5270 
45-55 8 . 00 0 . 71 8 . 71  277. 8 4. 8 1. 35 4870 
25-55 5 . 37 0 . 50 5 . 86 241 . 6  5 . 3  1.10 4680 
Mean 6. 60 a o . 61 a 7 . 22 a 262 . 8  ab 4.9 a 1 . 37 ab 5020 a 
CO2, 29,500 lux 25-35 8 . 06 0 . 83 8. 89 291<» 0 5 . 0  1 .75 6060 
35-45 7 . 26 0 . 58 7 . 84 521. 3 6 . 2 2 . 43 4630 
45-55 9 . 60 1 . 01 10 . 61 296. 0 3 .5 1. 63 5510 
25-55 7. 29 0 . 76 8 . 05 181. 0 2 .,7 0 . 88 4780 





- No. inaturs bolls 
No. i.�.mature bolls 
No. aborted bolls 
Total no. bolls 
Wt. mature bolls, g 
wt. immature bolls, g 
wt. individual boll, mg 
wt. plant tops, g 
wt .  plant roots , g 
Total plant wt . , g 
No. seeds 
No. seeds per boll 
Seed yield , g 
wt.  seeds, mg/M 
Effects of light intensity and CO2 enrichment at high light 
intensity on flax growth and yield components.!/ 
320 
CO2 Level (ppm )  
1 � 260 �25 1,1_70 
Trial I Trial II 
70 . 5  102 • .5 a 53. 7  73 . 3 a 
2 . 3 7. 9 27 . 0 12. 1  a 
12 :. 0  20. 4 a 18 . 8  18 . 8  
85 . 4  130 . 8 a 99. 4 104.0 
4. J 4. 7 2 * 4  J. 6 a 
0.1 0 .. 2 1 . 1  o.4 a 
61. 3 46 . 7  a 44- .l 50. 0 
7 . 1  8 . 8  7. 2 8. 0 
0. 7 l. O a 0 " 7  0 . 8 
7.9 9 . 8 7.9 8 . 8  
487.9 369 . 1  160. 5 322. 3  a 
6. 9 J. 8  a 3. 0 4. 3 
2. 5 1. 8 0.9  1. 7 a 
5130 4-850 5500 5250 
Light Intensity (lux ) 
142220 29!500 
Trial II 
47. 4 63. 5 a 26 . 9  19 . 5  a 
41. 3  18. 8 a'-
101. 7 115 .. 6 
2. 0  J . O  a 
0 . 9  0 .. 8 
42. J 47 . 0 
6 . 6 7. 6 
o . 6 0. 8 a 
7. 2 8. 4 a 
229 . 2 241 . 4  
4 .. 8 J. 7 a 
1 . 2 1. 3 
5160 5370 a 
Y Mean for high level differs significantly (5 percent) from mean for low level. 
Means are sums for 4 plants. 
.r:::­
V\ 
Considering /light intensity effects alone, an increase in 
intensity from 14, 250 to 29, 500 lux (Table 7 )  significantly increased 
the number and weight of mature bolls, root and total plant weights, 
and seed weight. Number of immature bolls , aborted bolls, and seeds 
per boll were decrea�ed by the s��e treatment. These effects were 
somewhat more pronounced than the affects of light intensity observed 
in coo1parable treatments in experiment 1, where increases were 
observed primarily in seed y:l.eld and seed weight. However, visual 
observation throughout the course of the experiment again revealed 
a hastened rate of senescence in the high light intensity in con­
firmation of the result observed previously. 
Whole plant weights (dry matter basis ) we1"e not affected by 
light intensity at the high CO2 level (Table 6 ). Interestingly, 
though , when shoots and roots were weighed sepru."ately and a comparison 
- of the two treatments was made , roots from the high light and high 
CO2 environn1ent had higher dry weight than those from the low light, 
high CO2 enviror�1ent. 
For a number of the cha.1'a.cteristics measured, significant 
effects were detected which were related to plant D.ge at the time of 
treatment with CO2 (Appendix II) .  Some of these cases appeared to 
have no logical explanation, while others appeared to be temperature 
effects. Tho control chamber to which the plants were returned after 
exposure to ro2 was cooler than the test chamber ( Table 1). Thus, 
plants returned to the test chamber early ir1 the flowering period 
(before 45 days of age ) tended to have fewer immature bolls, larger 
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mature bolls, more seeds per boll , and higher seed weights than plants 
held in the wsrm test chambe� throughout. the major portion of the boll 
formation period. Similarly, a decrease in seed yield occurred in low 
CO2 concentration, even at high light intensity� for plants that 
remained in the gas bags for 30 days. 
Interaction effects between light and date of. treatment often 
proved to bo significant, but only one case cf a significant inter­
action between date of treatment and gas treatment was observed. That 
case was number of seeds per boll. Examination of the data showed 
that in high light intansity high co2 increased seeds per boll during 
all treatment periods except the latest, the one exposed to CO2 during 
the period from 45 to .55 days of age • 
.&Eerirnent l.l Tissue Culture £!. Isolated � 
Terminal. � 
One of the new approaches in the study of the physiological 
processes of flowering is tissue culture of excised plant organs. By 
this technique, an assessment is made of the transition from vegetative 
to repro ductive phases to deter.nine whether a portion of a plant is a 
self-contained system or depends on other plant parts. Since it may 
be difficult to characterize the nature of endogenous substances 
affecting bud development , tissue culture techniques may facilitate 
the study of bud ragulation. 
In this part of ,the study, three different types of buds 
( Figures 2 and 8 )  were obtained from C. I.  1303 grown in plant growth 
chambers at early bloom (51 days of age ), full bloom (58 days ), 
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Figura 8 . Arrangement of bud explant s �  Fr om  left 
to right : main st9l'n , e.lterna.ta , and terminal bud s � 
postbloom ( 70 days), and senescing (77 days ) stages. Daily records of 
blossoming were kept, and final harvest of tissues was made fran lJ to 
29 . days after explantation . 
Table 8 describes the response of terminal buds cultured during 
early bloom stage with various growth regulating compour.rls at several 
concentrations. Control buds were not prevented from flowering, 
although the basal medium was devoid of growth substances. Further­
more , these buds fiowered readily and produced the greatest number of 
flowers .  They �lso developed roots and relatively tall shoots (4 to · 
10 cm ). In some replications, buds flowered as quickly as 10 days 
from isolation, while in other cultures it took 26 days for the buds 
to flower. The maximum number of flowers prcx:luced per shoot in this 
treatment was 2 .  
When IAA was added to  the medium , buds grew vegetatively at 
first and then blossomed as had been the case with the control buds. 
As IAA level was increased from 0 . 5 to 1.0 ppn, more buds developed 
and produced flowers. Table 8 and Figures 9 and 10 compare the rate 
of gro'W'th and development of the different types of buds isolated 
during early bloom (51 days of age) and incubated for 24 days. It is 
evident that shoot development of buds isolated at this stage was 
enhanced by increasing the concentration ◊f IAA from 0 . 5 to 5 . 0  ppm. 
An additional increase of IAA level to 10.0  ppm caused a reduction in 
shoot elongation. 
Among th8 NAA treatments at early bloom stage, the concentra�ion 
that yielded the most flowers and greatest shoot elongation was 0 .5  
Table 8 .  Effects of varying concentrations of growth regulators on 
terminal buds isolated at four stages of growth 
No. Reps 
No ,, Sho't-.1..ng 
Concen- Reps Total Max. No. Differen-
Treat- tration No ., Growth Days to Which No . F'lowers tiation 
ment ppm Reps Stage Flower Flowered flowers Per Shoot Root Callus 
Control -- 5 Early bloom 10-26 4 7 2 4 0 
IA.A 0.5 5 16-18 2 2 1 5 0 
1 . 0  5 15-28 4 5 2 5 0 
5 . 0  5 18-26 4 4 1 5 0 
10 .0  4 0 0 0 0 4 0 
NAA 0 .. 5 5 10-22 3 6 2 5 0 
1 . 0 4 10 1 1 l 0 4 
.5.0  5 0 0 0 0 0 5 
10.0 4 0 0 0 0 0 4 
GA 0 .5 5 10-16 3 4 2 3 4 
1 . 0  5 10-16 5 5 1 5 5 
5 . 0 5 10 2 2 1 1 1 
10 . 0  5 Early bloom 0 0 0 0 0 0 
Control -- 5 F\tll bloom 4-lJ 3 3 1 4 0 
IJ..A. 0 .5 3 0 0 0 0 3 3 
1.0  4 0 0 0 0 0 0 
5. 0 4 0 0 0 0 J 4 
10 . 0  5 0 0 0 0 4 4 
NAA 0 . 5 3 0 0 0 0 2 J 
1. 0 4 19 1 1 1 2 4 
5 . 0 4 0 0 0 0 2 4 






















4 0 • .5-3 
5 0 .5-3 






Table 8 Continued 
No. Reps Shoot 
No. Showing Elonga-
Concen- Reps Total Max. No. Differen- tion 
Treat- tration No. Growth Days to · 'Which No. Flowers tiation Cm 
ment ppn Reps stage Flower F.l.owered Flowers Per Shoot Root Cnllus No. range -
GA 0. 5 4 Full bloom 0 0 0 0 0 0 4 1--J 
1 . 0  L� 0 0 0 0 0 0 4 1-3 ' 
5 .0  4 0 0 0 0 0 0 0 0 
10 . 0  5 Full bloom 0 0 0 0 0 0 Lt 0 • .5-J 
Control -- 4 Postbloom 12-20 2 2 1 J 0 4 1-7 
IAA 0.5 4 0 0 0 0 3 4 4 3-.5 
1.0 5 14 4 5 2 .5 0 5 1-4 
5 . 0 3 19 l 1 1 2 0 3 1-2 
10. 0  5 25 ... 27 2 2 1 5 0 5 1-4 
NAA 0 • .5 4 16-17 3 4 2 4 2 3 6-8 
1 . 0  4 19-27 3 6 2 3 3 3 8-10 
5 .0 5 0 0 0 0 0 ., 0 0 ✓ 
10.0 5 0 0 0 0 0 3 0 0 
GA 1. 0 3 16-17 2 2 1 0 l 3 1-3 
5. 0  3 21 l l 1 0 1 3 2-6 
10.0 3 0 0 0 0 0 0 3 0. 5-5 
50. 0 3 0 0 0 0 0 0 0 0 
Kinatin 0.5 3 0 0 0 0 0 0 3 1-2 
1 . 0  3 0 0 0 0 0 0 0 0 
5. 0  3 0 0 0 0 0 0 0 0 
10.0  3 Postbloom 0 0 0 0 0 3 0 0 
Control -- 4 Senescent 0 0 0 0 0 0 0 0 
IAA, NAA, 10 . 0  12 0 0 0 0 0 0 0 0 
and GA 
Kinetin 10. 0 4 Senescent 0 0 0 0 0 0 4 0 .5-0 . 7  \..."\ 
24 DAYS of I SOLAT ION 
1 PPM 
Figure 9 . 'Tissue culture of  bud s sola.ted at e arly blo-om stage . 
Upper phot o :  Response of the 3 different typos of bud , terminal , 
alternate , and main stem (left t o  right� respectively ) t o  0 � 5 
ppm of n�p'th.e.leneac.etic acid ( NAA 1 9  J ... indole acetic a.cid ( IAA) , 
and gibberellio acid ( GA ) ., Lower phot o :  Isolated buds at 
higher ( 1,, 0 ppm ) concentrations of NA.A, IA.A, and GA. Both 
cultures we.re mad-El du.ring the early bloom a.ni :incubated for 
24 days ,. 
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24 DAYS of I SO L  
S PPM 
Figure 10 . Buds isolated at early bloom st.age , Upp r photo : 5 . 0 ppm 
levels of NAA, LU, and GA supplied through growth medium to  t.he 3 
different types of buds , wain stem , alternate , and terminal stem 
( left t o  right , respectively ) and incubated for 24 days . Lower 
photo : Same ,except buds grown at higher (10 ., 0 ppm ) levels of 
growth r gulat ors . 
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ppm. Only one replication flowered in the 1. O pµn MAA treatment. 
Callus development occurred when th& level of NAA was greater than 1.0 
Buds treated with 0.5, 1 .0, and 5. 0 ppm GA flowered starting 
10 days after isolation. Apparently, the 1 . 0  ppn level was the best 
level of concentration for these buds, since all replications- n�wered 
( Table 8 ). Root an:i callus formation occurred at. all levels of GA 
less than 10. 0 ppm. 
A secor.rl isolation (58 days from sowing ) was made in the f'ul1 · 
bloom stage ono week after first nowering. Procedures followed were 
similar to the previous isolation, but harvest or termination of 
incub.1tion for th.ts experiment occurred 18 days after explantation� 
' Only the control (J  out of 5 replications) and 1 .0  ppn NA.A-treated buds 
flowered (Table 8, Figure 11). Roots and shoots ware formed in buds 
treated with IAA at all levels. Cultures treated with 5 . 0  and 10. 0  
ppm NAA promoted development of calluses. GA-treated buds neith�r 
flouered nor 1•ooted, although shoot elol'1gation did occur. 
At postbloom stage ( 70 days of age ), a third set of cultures 
was made. In addition to IAA, NAA, and GA, the effects of kinetin 
were also studied ( Table 8, Figure 12 ) .  Control terminal buds were 
the earliest to flower (10 to 20 days) followed by IAA at 1 . 0, 5 . 0 ,  
an:i 10. 0  ppm levels_ (14 to 27 days). Buds grown in the 1.0 ppm IAA 
treatment also gave the highest f'lowering success ratio with lt out of 
5 repltcations producing flowers.  All of the I.AA-treated cultures 
developed roots, but no callus was formed. 
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DAYS of I 
5 PPM 
Figure lL Buds isolat ed at fu...U "bloom st age . Upper photo : Treat­
ments with NA/\. at 1 . 0 , .5 . 0 , and 10 .. 0 ppm , Arrange.me.nt of explanted 
buds in control flask is in reversod order of the treated buds , i , e � 
left to right ( c ontrol ) main stem , alternate , a.ncl. te:rminal . Lower 
photo : Buds isolated at f-L111 bloom and treat d with varying levels 
of GA ( L O , 5 .. 0 , a:n.d 10 . O ppm ) , Same arrangement of b'Ud explanta­
tions as the upper phot o . Both cul tur$S were incubated for 18 days . 
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Figure 12 0 Postbloom isolati on of termi:n&l , eJ:t.ernate , and main stem 
buds ( left to r:i.ght , respectiVE)ly ) ,  Incubation 1.asted for 29 days . 
Upper photo : Bi.1.ds grown unde:r 1 ., 0 ppm treatments of kinetin , IA.A, 
NA.A , and GA� Lower phot .o : Effects of the l-1, growth regulato:r5 at 
higher (10 � 0 ppm ) levels . 
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Terminal buds treated postbloom with NAA at o . ,  and 1 . 0  ppm 
also flowered . Callus developed at the early part of the incubation 
period ; and, as growth progressed, stubby roots started to grow out of 
the c allus tissues . The highest concentrations or 5 . 0  and 10 . 0  ppm 
caused the transformation or the buds into callus tissues. 
Buds treated postbloom with GA at concentrations of 1. 0 a.r.d 5. 0 
ppm flowered and initiated callus growth at. the base of the buds . At 
10 . 0  and 50 . 0  ppm. GA, no visible sign of differentiation appeared. 
Shoot elongation occurred at the lowest level - of concentration 
in the kinetin-treated medium. Higher levels ( l . O, 5 . 0 , and 10. 0  
ppm )  caused complete inhibition of growth of the terminal buds 
isolated at postblocm stage . 
Final culture of terminal buds was made from the senescing 
plant . The terminal buds were still green ,  but leaf and stem tissues 
� were rapidly desiccating . Buds grown without addition of growth 
substances to the basal medium (control) or with various levels of IAA, 
NAA., and GA showed no rejuvenation of growth of the isolated buds 
(Table 8) . Only kinetin at the 10. 0 ppm level promoted growth in 
these senescing tissues .  The gro�-th observed in  kinetin-treated buds 
consisted of callusing arrl shoot elongation. 
Alternate � 
Alternate buds ( Figures 2 and 8) generally remain inactive in 
the panicle of an intact plant regardless of which flowering period 
is in progress. In culture these buds were shown to be capable of 
flowering, although they flowered much less readily than the terminal 
buds . Alternate b;ds produced the most flowers in the shortest span 
of time (11 days ) in the control treatment (Table 9 ) .  Buds treated in 
early bloot11 with IAA at 0 .5  and 1. 0 ppm also flowered, but those 
tested at the 5 . 0  and 10 .0  ppm levels remained vegetative . Roots 
developed at 0 .5 , 1. 0, and 5. 0 ppm IAA but not when concentration of 
the medium was raised to 10 . 0  ppm. 
NA.A-treated alternate buds did not flower at all. At the o .5 
ppm level, stubby roots were produced . Callus development was enhanced 
at higher concentrations (1.0, 5 . 0 ,  and 10. 0 ppm ) .  Alternate buda 
treated with GA at 0 . 5  ppm flowered 17 days after isolation . As tho 
concentration of GA was increased in the medi1.L11, shoot elongation of 
the buds was inh:tbited. Greatest shoot elongation for all GA treat­
ments occu�red at 0 . 5 ppm (8 cm }. 
Tissue cultures from alternate buds isolated during tha full 
bloom stage (58 days  from sowing ) failed to flower regardloss of type 
of growth regulator added (Table 9 ). Calluses and roots resulted 
when I.A.A ard NAA were supplied to the medium at 0 . 5  to 10. 0 ppm. As 
NA.A concentration was increased from 0 . 5  to 10. 0 ppn, inhibition of 
shoot elongation was observed. GA-treated buds produced neither 
roots nor callus, but there was some shoot elongation from the bud. 
Growth of tissues from postbloom incubation of alternate buds 
was most active in medium supplied with IAA. At 1 . 0  to 10 . 0  ppm IAA, 
0 . 5  ppm NAA, and 0 . 5  to 1.0 ppn kinetin buds produced flowers (Tablo 
9 ) . Higher rates of NAA and kinetin resulted in callus for-mation. 
'l'able 9. Effects of varying ccncent�ations of growth regulators on 
alternate buds at four stages of growth 
No. Reps 
No. Showing 
Concen- Reps Total Max. No . Differ en-
Treat- tration No . Growth Days to 'Which No . Flowars tiation 
ment Ee!: ReEs Stage flower F1owored Flowers Per Shoot Root Callus 
Control -- 5 Early bloom 11-21 2 2 1 4 0 
IAA 0 .5 5 21 1 1 1 .5 0 
L O  4 17 l 1 1 2 0 
5.0 5 0 0 0 0 5 0 
10 . 0  4 0 0 0 0 0 0 
NAA . 0 . 5 5 0 0 0 0 3 2 
1.0 4 0 0 0 0 0 4 
5 . 0 5 0 0 0 0 0 5 
10. 0 4 0 0 0 0 0 4 
GA 0 .5 5 17 l 1 1 1 4 
1. 0 5 0 0 0 0 0 5 
5 . 0 5 0 0 0 0 0 2 
10. 0  5 Early blocm 0 0 0 0 0 3 
Control -- 5 Full bloom 0 0 0 0 0 0 
I.AA 0. 5 3 0 0 0 0 2 1 
1. 0 4 0 0 0 0 4 4 
5 . 0 4 0 0 0 0 2 4 
10 . 0  5 0 0 0 0 4 4 
Nil 0 .5 4 0 0 0 0 l 3 
1.0 4 0 0 0 o · 1 4 
5 . o 4 0 0 0 0 2 4 





























Table 9 Continued 
No. Reps Shoot 
No . Showing Elonga-
Concen- Reps Total Max. No. Differen- tion 
Treat- tration No . Grow"th Days to Which No. Flowers tiation Cm. 
ment Ef!ll Re:es Sta5e Flower flowered Flowars Per Shoot Root Callus No . ran�e 
G.A 0 . 5  4 Full bloom 0 0 0 0 0 0 L� 1-2 
1. 0 4 0 0 0 0 0 0 4 0 . 5-0 . 8  
5 . 0  4 0 0 0 0 0 0 0 0 
10. 0  5 Full bloom 0 0 0 0 0 0 4 0 .5-J 
·control -- 4 Postbloom 0 0 0 0 2 0 4 1-3 
I.AA 0 .5 4 0 0 0 0 J 0 � 3-5 
L O  5 13-21 J 3 1 5 0 5 2-10 
5 . 0 3 19 1 l l 3 0 3 2-5 
10 . 0  5 19 2 2 1 4 0 5 2-3 
NAA 0.5 4 18 1 1 1 2 2 2 3-'-r 
1 . 0  3 0 0 0 0 0 l 1 0 .5 
5 .. 0 3 0 0 0 0 0 3 0 0 
10 . 0  3 0 0 0 0 0 3 0 0 
GA 1.0 ,., 0 0 0 0 1 0 5 1-6 , 
5 - 0 3 0 0 0 0 0 1 2 L-3 
10 . 0  ? 0 0 0 0 0 0 1 1 .5-1 .,J 
50. 0 3 0 0 0 0 0 0 0 0 
Kinetin 0 .5 3 26 1 l 1 1 0 0 2 
1. 0 3 17 l 1 1 1 0 2 3 
5 . 0 3 0 0 0 0 0 3 0 0 
10 . 0  3 Postbloom 0 0 0 0 0 .3 0 0 
Control -- 4 Senescent 0 0 0 0 0 0 4 1-7 
IAA, NAA, 10. 0 12 0 0 0 0 0 0 0 0 
am GA 
Table 9 Contimied 
No. 
Concen- Reps Total 
Treat- tration No. Growth Days to Which Noo 
ment ppm Reps Stage flower Flowered Flowers 
Kinetin 1 . 0  4 Senescent 0 0 0 
5 . 0 4 0 0 0 
10. 0 4 Senescent 0 0 0 
No. Reps 
Sho-wing 
Max. No . Differ en-
flowers tiation 
Per Shoot Root Callus 
0 0 J 
0 0 3 





No . range 




As GA concentration of the medium increaseci, shoot elongation 
decreased . 
When alternate buds from senescing tissues were cultured , 
little growth was observed (Tnble 9). Only the kinetin-treated buds 
were active and they developed callus tissues. 
Main Stem Buds 
- - -
The third type of buds isolated was the main stem bud ( Figures 
2 and 8 ) .  Isolation of these buds at early bloom stage resulted in 
flowering from 10 to 26 days after explantation into the control 
medium ( Table 10). The control treatment also produced the longest 
shoot. Buds cultured in media containing IAA, NAA, or GA failed to 
flower or produce roots at any growth regulator concentration� At 
all concentrations of NA.A an:i at 5 . 0  and 10. 0 ppn GA, calluses were 
developed. 
At full bloom staga, no fiowering of cultured main sten1 buds 
occurred (Table 10 ) .  NAA-treated buds developed callus first ; and , 
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as growth advanced, roots started to grow out from the mass of tissue. 
With IAA at 5.0 ar.d 10. 0  ppm in the media., callus was formed without 
root growth. GA enhanced shoot elongation at this phase, with degree 
of elongation increasing with increasing GA concentration up to 50. 0  
ppn. 
At postbloom stage ( 70 days fI-om sowing) ,  flowering capacity o:r 
the main stem bud appeared to have resumed ( Table 10 ). The control 
buds underwent shoot elongation a.rrl flower p�od.uction, but flowering 
was somewhat later than !AA-treated buds. Buds incubated in I.AA at 
Table 10. Effects of varying concentrations of growth regulators on 
mai11 stem buds at fom."' stages of growth 
No. Reps Shoot 
No .. Showing Elonga-
Concen- Reps Total Max. No. Differen- tion 
·rreat- trati on No .. Growth Days to WM.ch No. Flowers tiation Cm 
ment ;epm Reps stage flower Flowered Flowers Per Shoot Root Callus No . range 
Control -- 5 Early bloom 10-26 4 7 2 4 0 5 4-10 
IAA 0 " 5 3 0 0 0 0 0 0 2 0 .5-5 
1. 0 3 0 0 0 0 0 0 0 0 
5 . 0  5 0 0 0 0 0 0 0 0 
10 . 0  Li 0 0 0 0 0 0 2 1-2 
NAA 0 .5 5 0 0 0 0 0 1 3 o . 6-J 
1. 0 4 0 0 0 0 0 4 0 0 
s . o  5 0 0 0 0 0 2 0 0 
10 . 0  4 0 0 0 0 0 4 0 0 
GA 0 . 5 5 0 0 0 0 0 0 3 O o 8-2 
1 . 0  5 0 0 0 0 0 0 3 0 . 6-12 
5 .. 0 ,, 0 0 0 0 0 l 2 8-12 ::> 
10. 0  5 Early bloom 0 0 0 0 0 3 .3 1-9 
Control -- 5 F\tll blocm 0 0 0 0 0 0 4 o. 6-5 
IAA 0 .5 2 0 0 0 0 0 0 2 o .4-o . 6  
L O  4 0 0 0 0 0 0 0 0 
5 . 0 4 0 0 0 0 2 4 0 0 
10 . 0  5 0 0 0 0 0 2 0 0 
NAA 0 .5 4 0 0 0 0 2 3 3 0 . 3 
1 . 0  4 0 0 0 0 2 2 0 0 
s . o 5 0 0 0 0 1 3 0 0 
10. 0  c:: 0 0 0 0 0 0 0 0 .) 
GA 0 .5 4 0 0 0 0 0 0 4 0. 5-4 
1. 0 4 0 0 0 0 0 1 4 o . 6-2 
5 . 0 5 0 0 0 0 0 0 0 0 °' 
10 . 0  5 Full bloom 0 0 0 0 0 0 5 1-2 v.) 
Table 10 Continued 
-
No. Reps Shoot 
No .. Showing Elonga-
Concen- Reps Total Max. No. Differen- tion 
1rreat- tration No. Growth Days to Which No. n_owers tiation Cm 
ment ppm Reps Stage Flowe� Flowered F1owers Per Shoot Root Callus No . range 
Control -- 4 Post bloom 25 1 1 l 0 0 2 3-11 
IAA 0 . 5 4 0 0 0 0 2 l 4 2-6 , 
1 . 0  5 20-21 2 2 1 2 0 5 2-8 
5 . 0  2 0 0 0 0 2 l 2 1-2 
10 . 0  5 19 1 1 l 2 0 5 1-J 
NAA 0 . 5 4 0 0 0 0 0 4 0 0 
1.0 4 0 0 0 0 0 4 0 0 
5 . 0 5 0 0 0 0 0 2 0 0 
10 . 0  lJ, 0 0 0 0 0 4 0 0 
GA 1.0 3 0 0 0 0 0 0 3 1-J 
5 . 0 3 0 0 0 0 0 0 3 2-3 
10.0  J 0 0 0 0 0 0 J 1-6 
Kinetin 0 . 5 3 0 0 0 0 0 0 3 0 . 8-1 
5 .0 3 0 0 0 0 0 3 0 0 
10 . 0  4 Post bloom 0 0 0 C 0 4 0 0 
Control -- L} Senescent 0 0 0 0 0 0 4 0 . 2-1 
IAA, NAA, 1. 0 ,  12 0 0 0 0 0 0 12 1-22 
and GA 5. 0 , 
and 
10 . 0  
Kinetin 1 . 0  2 0 0 0 0 0 2 2 0 . 5-3 
5 . 0  4 0 0 0 0 0 4 4 O .J-0 .5 
10 . 0  3 Senescent 0 0 0 0 0 3 3 0 . 2 
i 
1.0 and 10.0  ppm flowered within 19 days a:fter isolation. Roots were 
developed on cultures treated with IAA at all concentrations. Callus 
fo�mation was also observed at 1.0 and 0 .5 ppm IAA. GA-treated buds 
did not flower, although callus and rcot development occurred. 
Kinetin treatments from 0 .5 to 10.0 ppm all produced callus masses 
without shoot elongation. 
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Senescing main stem buds responded only to kinetin treatment 
(Table 10).  IAA-, NAA-, arrl GA-treated buds showed some rolled green 
tissues at the axils, however. 
�eriment 4 :  Errlogenous JM and _Q! 
Preliminary assays conducted for determining growth regulator 
activity in tissue extracts included pea stem , wheat colaoptile , cat 
coleoptile , and oat internode straight growth tests. Lack of 
uniformity in growth and slow rates of elongation forced a discon­
tinuance · of these methods. For GA analysis, however, the lettuce 
hypocotyl assay was found to give satisfactory results and was chosen 
for this study. The choice for determination of IAA was fluorimetry 
supported by some work with the Avena coleoptile straight growth 
assay. 
Data relating IAA contents of acidic ether extracts to 
flowering cycles in ' Dunes' and C.I. 1303 grown in the Imperial Valley 
in the 1970-1971 season are presented in Tables ll and 12 as well as 
Figure 13. For the variety ' Dunes' the analyses were conducted 
throughout two flowering cycles with two replications each analyzed in 
duplicate. .Analysis of the variety C. I. 1303 was completed for only 
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Table 11. F.l.uorimetric estj.r.1 ation of IAA in crude eprac ts of' 1 Dunes 1 
flax tissues harvest ed at different datesa 
:Brash Wt. Dry Wt . 
Percent Basis Easis Moisture 
Flower Fluorescence Mean ± SE Nean ± SE content 
Date Count Mean ± SE Micrograms IAA/100 mg sample percent 
2-11-71 0 23 . 3  4.4 6 . 9  3 . 1  43 . 0  19 . 4  84 
2-16-71 9 22. 7 2 . l  6. 2 2 . 1  36. 8 12 . 2  83 
2-23-71 21 15 . 2  1 . 5  8 . 8  83 
2-26-71 6 22 . 9  1 . 5 6 . 1  2 . 0 33 . 8  ll .l  82 
3-11-71 10 31. 5  3 . 8 10 . 5  2 . 7 47 . 6  12 . 4  78 
3-16-71 10 22. 0 1. 0 5 . 1.:, 1 .1  23 . 6  4. 6 7'1 
3-19-71 4 20 . 1  2 . 1  5 . 0  1 . 9  20 . 7  7 . 9 76 
3-30-71 5 17 . J  0 . 6 3 . 5 1. 3 13 . 5 5 .1 74 
4-13-71 0 13. 1 1. 2 0 . 5  0 . 2  1. 3 0 . 8  61 
4-16-71 0 44. 3 J . 2  15 . 8  2 . 5  J2 . 8  5. 3 52 
4-26-71 0 24. 6  2 . 6 7 . 3 2 . 5 14.5  4. 9 .50 
4-J0-71 .5 23 . 7  0 . 7 1 . 0 1 . 5  12 . 2  2 . 9  49 
5-Jf-71 23 18. 7  2 . 7 5 . 0 2 . 1  9 . J 3 .• 8 l�6 
5-7-71 7 62 . 7  21 . 2  21 . 9  8 . 2  J8 .. 4 14. 4 4J 
5-11-71 20 JO �  .5 0 . 5 10 . 2  1 . 5  16.9 2. 1.} 14,() 
.5-14-71 18 38 . 4  J . l 13. 8  2 . 0  22 .1  3 . 2 38 
5-18-71 9 32 .1  2. 8  10 . 9  2 . 4  16. 7 J . 7 35 
.5-21-71 11 J0 . 4 9 . 9  12 . 8  2J 
5-28�71 0 10 . 5  0 0 0 20 


















Fluorimetric estimation of IAA in crude extract9 of C .  I .  
























79. 8  
21. l:. 
47. 0  
24. 4 
18 . 7  
21 . 7  
25. 0  
1-}J . 3  
37.1  
Estimated IAA (ug ) 
per 100 mg sample 
Fresh Wt. Dry wt .  
10 . 9  67 . 8  
25. J 148 . 5  
22. J 130 .9  
15 . 5  86.1 
29. 0 126. 0 
4. 8 19. 8 
17. 0 65. 4 
7. 2  22. 3  
5. 0 15 . 6  
5. 4 14. 0 
7. 5 15 . 6  
15 . 0  JO . O 
13. 0 25 . 5  
� Duplicate analyses of a single sample. The second flowering 
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one replication (duplic&.te sa.mple.s ) and continued only to the 
beginning of the secon:l cyclo. 
LU contont of I Dunes I was high, on a dry weight basis, in the 
first sample collected at the bud stage . Throughout the first 
flowering period , IAA content terrled to decline, roaching a low level 
at the end of flowering. During tha rest stage between flowering 
periods, IA.A increased sharply ±'or one sampling date but decreased to 
a new low at the date of the first flowering in the second cycle. As 
flowering progressed in the second period , IAA increased to a peak 
level one week after the start of the period and then declined sharply 
in coincidenc e with the decline in flowering rate. Wnen the data were 
expressed on a fresh weight basis , the same general trends were 
observed throughout the two flowering periods , but total I.AA valu.es 
ware lower i:-n the first flowering period than in the second because 
of the higher moisture content of samples taken early in the life cycle 
of the ·plant . On either basis, peak IAA contents we�e observed on 
March 11, April 16, an:! May 7 at mid-first bloom , resting stage, and 
early secor.rl bloom periods, respectively. Standard error values for 
the first and last of these dates were excessively high compared to 
analyses at other dates , but error associated with the April 16 data 
was relatively low. 
Fluorimetry of the acidic ether extracts from C . I. 1303 tissues 
provided data which somewhat paralleled the data f:r:-cm analysis of 
' Dunes , r at lea.st as :far as growth stages were c�--n.parablo. Thus, 
levels of C . I. 1303 were very high in vegetative and bud stages of 
grow-.-th tended to decline in  t.he first flowering period and finally 
appeared to be increasing slightly when sampling terminated in tha 
pe�iod between flowering cycles (Tabla 12). 
70 
Further evaluation of the fluorimetric method was sought by 
comparison with �  tests,  by fluorimetry of oven-dried tissues and 
tissues stored for long periods in the frozen state, and by riuorimetry 
of 2-methyl-4-chlorophenoxyacetic acid (MCPA) and 3-aniino-2 . 5-
dichlorobenzoic acid (.Ami.hen). Analysis of oven-dried samples was 
done to study the fluorescence of samples low in IAA content, The 
frozen plant materials were analyzed to determine rate of IAA loss in 
storage. The two herbicides were tested since the ' Dunes' and C. I. 
130) samples were obtained from plots treated with these herbicides. 
Limited testing (one replication at each date) by the Avena 
colccpt.ile method confirmed the presence of auxin in extracts from 
' Dunes' at each of fiva dates sampled durlng the first flowering ras t  
periods� but tests on extracts from C .  I..  1303 detected auxin orily on 
one dxte out of fiva ( Table 13 ). Oven-dried tissuas gave fluorescence 
readings indicative of very low IAA contents (Table 14) . Samples of 
C . I. 1303 grown at Brookings and placed in frozen storage in 1964 
retained IAA levels readily detected by fluorimetry in 1971 ( Table 14). 
The two herbicides gave no fluorescence reading under the conditions 
used for IAA analysis. 
For detection of GA activity in acidic ethyl acetate extracts 
of flax using the lettuce hypocotyl test, a. minimum sampl9 of JO gr�s 
fresh i·reight was required. Paper chranatography of the extract in an 
/ 
Table 13. Avena coleoptile bioassays of extracts from 




Sampling Growth Mean ± Std. Dev. 
Variety Date Stage cm 
c . r. 1303 2-11-71 Vegeta.tivo 21. 7 + 2 . 3 
2-16-71 Vegetative 21.1  ± 1 . 4  
2-23-71 Vegetative 22. 9 ± 1 . 3 
3-23-71 Early bloom 21 . 7  ± 2 . 0  
4-26-71 Postbloom 27.9 ± 1. 6* 
' Dunes '  2-16-71 Early bloom 26. 2 + J . O* 
2-26-71 Early bloom - 1* 25 . :3 ± 1 .  
3-11-71 Full bloom 25. 4 ± 1 . 6* 
3-16-71 Full bloom 26. 5 ± 2 , 4* 
4-26-71 Postbloom 29 . 4  ± 1. 3 * 
50 ug IAA 29. 8 ± 1 .9 * 
Water check 22. 0 ± 0.9  
* Differs from check at 5 percent leval of significance. 
Table 14. Fluorimetric analysis of miscellaneous materials 
Quantity Percent, 
72 
Materials analyzed g Fluorescence 
Oven-dried shoots of C. I. 1303 
Frozen tissue (1964 harvest of 
C. I. 1303 ) 
MCP .A (formu.13.ted grada ) 
MCPA (reagent grade ) 
Amiben ( reage:nt grade ) 
2 ,4c,D (reage'nt grade)  
3 + 25 ug IAA 
3 
5 
0 . 05 + 25 ug I.AA 
































_________ , ______________________ _ 
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isopropanol : NH40H: water system ( 80 : 0 . 1 : 19.9;  v/v/v) distributed tho 
native GA in Rf zones 0 . 4 a.l'lCl 0 . 5  ( Table 15 ) .  For the vro.•iety C .I .  
lJOJ significant quantities of  GA were detected only in s�1ples 
harvested Febru�Ay 26, March 16, and April 26. These dates corre­
sponded to prebloom, very early bloom, ani resting stages of flowering , 
respectively. Little indication of GA activity was detected at any 
sampling date in the first flowering period ( Tables 15 and 16).  
Date 
Harvested 















Table 15 . Lettuce hypocotyl bioa.ssays of extracts from C. I. 1303 
harvested at Brawley, California , in 1971 
Rf Zones.Y 
0 .1  0 . 2  0 . 3  0 . 4  0 . 5 
129 . 8** 96. 2 105 . 7  no . 7  116 . 7  
ll4. 0 93 . 7  95 . 5  109 . 8  118 . 0  
113. 2  109 . 7  116 . 7  147 . 5 ** 134. 0 ** 
106 .7  100 . 2 119 . 2  122 . 3 122 . 5 *  
94. 0  94. 0 95. 8  99 . 8  101 . 7 
123 . 2  98 . 7  100 . 5  104. 3 115 . 8  
109 . 5  106 .7  103 .. 5 114. 2 105 . 0 
90 . 2  86.5  99 . 0 93 . 3 95 . 0  
106. 0 98. 8 lll}. 7 118 . 3* ' 113 . 0 
96.5 123 . 5 *  116 . 0 98. 0 99 . 5  
95 .5 95 . 5 85 . 0  89 . 0  98 . 7 
105 . 0  103 . 5 108. 0 134. 3 ** 115 . 7  
107 . 0 101. 3  101 . 5 108. J 120 . 8  
107 . 0  abc 100 .1  C 104. 7 a.be 111 . 5  ab 112 . 0 a 
!/ Data expressed as percent of elongation of checks in water . Means for dates 
or means for Rf zones followed by the same letter do not differ significantly 
at the 5 percent level. 
* ' ** Values differ significantly (5 percent and 1 percent levels , respectively) 
from the check for the s��e date of harvest . 
o. 6 
110 . 5  
99 . 7  




108 . 0 





105 . 0  
104. 0 
105 . 1  abc 
-..) 
� 
Table 15 Continued 
Date Rf Zonas2;.T 
Har-tested 0. 7 6 . 8 0. 9 
2-11-71 99 .5 107. 3 99 . J 
2-16-71 101. 7 99 . 8  lOO . O  
2-26-71 118 . 6* 106. 5 108. 3 
3-16-71 104. J 119.2 108o .5 
3-19-71 107 . 2  112. 8 10.5. 8 
3-23-71 100 . 3  94. 7 93. 0 
3-26-71 100 4 5  108. 0 95 . 7 
3-J0-71 81.0*  80o 0*  90. 2 
. · 4--2-71 107.8 109 . 7 113. 3 
4-9-71 104. o 102. 5 104.o 
4-13-71 83 . 5 85 . 0  86. 5  
�'--26-71 108. 2 102. 0 117. 3 
4-30-71 105.0 101.5 98 • .5 
- 101. 7 be 102. 2 be 101. 6 be X 
1 .0  
101. 2 
97 c 7  
101. J 
110 . 7 
107. 2 
110. 0 




85 .. 0 
103.5 
99 . 8 
103 ., 5  abc 
x 
107. 7 ab. 
103. 0 be 
117. 4 a 
112. 4 a.b 
101. 6 bed 
104 .. 8 b 
106.9 ab 
91. .5  cd 
108. 8 ab 
105. 2 ab 
89 . 8  d 
110. 2 ab 
104. 8 b 
----J 
Vt 





0 . 2 
O . J 
0 . 4  
0 . 5 
o . 6  
0.7  
a . a  
0.9 
1. 0 
Lettuce hypocotyl bloa.ssa.ys indicative of GA content. 
of C. I. 1303 fia.x in three stages of development 
Elongation ( Percent of Check ) *  
Vegetative Flowering Resting 
Stage Stage Stage 
2-11 to 3-19 to 4-29 and 
3-16 4-13 4-30 






























* Level considered significantly different (5 percent ) from the 
check = 117.5  percent. 
DISCUSSION AND CO�LTJSIONS 
Cyclic flowering in fia.x has been manifested in these experi­
ments despite growth of plants in conditions of st�ess as well as 
optimum environmentals. The hypothesis that cyclic flowering in flax 
is caused by morphological limitation of the number of flower buds 
prcduced at one time (106) appears to be ruled out by the results of 
the experiments con:lucted � vitro. Tissue culture studies demon­
strated that both the alternate and main stem buds flowered even in 
the control treatment which received no additional growth regulating 
substances in the medium. In a normal plant, these buds do not 
usually flower. The readiness to flower of the terminal bud also 
indicated that the cessation of flower habit during the resting pha.so 
between flowering periods is not due to morphological characte�istics 
but rather a mere suppression caused by certain factors. These 
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results could be consldered as additional support for the ear-lier 
reports (14, 17 , 46) that the flowering pattern in flax is geneti­
cally determined . Once the organ is induced to flower , the induction 
is retained even though flower product:i.on may temporarily ba 
suppressed. Suppression does 11ot necessarily mean complete structural 
change so that once liberated from suppression the buds will definitely 
develop and flower. 
On the basis of the experi.�ants conducted, it is  evident that 
limited soil moisture cannot be the only cause for cyclic flowering 
as previously suggested (43 ). In these nutrient culture experiments ,  
fla.x plants exhibited the cyclic flowering behavior despite a 
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sufficiency of moisture supply. Thu-ing the two growth •:!hamber 
experim�nts , prolonged or continuous flowering was not observed on 
any occasion. This strengthens the view that soil moisture availa­
bility is not the u.ltimate mechanism controlling .flowering pattern, an 
observation not completely in agreement with early reports (50 ). 
Ono general influence of nitrogen fertilization is a prolonged 
flowering period (16 )  which results in au inc1·ease in the number of 
bolls produced (50 ) .  In as much as no apparent effect was obtained 
on any characteristic measured in the three levels of nitrogen 
utilized in experiment 1, nitrogen cannot be considered a limiting 
factor . On the other hand, the treatments in this study began at 
flowering time and this could partly explain why an increase in the 
rate of nitrogen did not exert any influence at all. It is a-1so 
possible th�t some interactions among other factors used in these 
investigations could account for the insignificant effect of nitrogen � 
· The most critical environmental variable influencing photo­
sy-athesis is light intensity (93 ) . In these studies it was noticeable 
that an inc�ease in light intensity increased seed yield in both 
flowering flushes. It can then be assumed that at high light intensity 
the photosynthetic activity was stimulated and translocation of 
as simila:tes to the developing organs was enhanced as compared to low 
light conditions. As has bean reported (57, 91 ), a need for high light 
intensity at flowering time is a consequence of the requirement for 
the photosynthetate. In experiment 1, plants grown under the lowest 
light intensity level produced the highest number of immature bolls 
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with a corresponding decrease in the nmnber of matu1·e bolls formed. 
Even the seed yields and seed weights (mg/M ) obtained from the lowest 
light intensity level were inferior compared to the othe:r treatments. 
However , light intensity could only be limiting for flowering up to a 
certain degrae , since a saturation level (approximated by the 
intermediate intensity tested , 25 , 500 lux ) was apparently attained 
without eliminating the cyclic flowering habit. At the highest light 
intensity ( 31 , 900 lux ) all characteristics measured were again 
comparable , if not similar, to those obtained at the lowest light 
intensity. This c nn perhaps be explain�d by the fact that the highest 
light intensity treatment accelerated. senescence and , therefore , 
tended to limit seed and boll production. 
Defoliation treatments have definitely modified yielding 
capability of the plants in studies reported by other workers ( 39 ,  99 ) .  
This observation was ��ply verified by the results obtained in 
experirnent 1. A tremendous decrease in seed yield and many other 
characteristics was observed when leaves were removed from the plants. 
Apparently, however , the decreased seed yield was associated with the 
other treatments and not sol0ly to defoliation treatment. For example, 
factors like low temperature and medium light intensity interacted 
to cause the high saad production of und.efoliated plants. This merely 
c onfirms the report (19 ) that cool temperature favors the development 
of this flax variety, C. I.  1303. It could also be that the light 
effect is related to an increased supply of photosynthetate which 
improved growth. 
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The 'Supply of carbon dioxide is another important factor which 
could at times be limiting in photosynthesis (102 ) .  The effect of CO2 
treatment in experiment 2 was pronounced whe11 gas enrichment was 
administered at an early stage of grom:.h. The duration of treatment 
was less significant than the requirement that the plants bo exposed 
to an enriched CO2 atmosphere before flowering began. Enrichment 
after full bloom stage apparently was �ithout effect. Perhaps tho 
response to early treatment indicates that before the flowering phase 
flax plants are highly sensitive to external facto1"s, while a.:f'te1• the 
transition from vegetative to reproductive stages they ara less 
sensitive . The effect of increased levels of CO2 was comparable to 
that of the influence exerted by high light intensity treatment . 
Senescence was accelerated, and this could also contribute to the 
higher numb�r of matured bolls in the high CO2 concentratj_on treatment. 
Moreover, the effectiveness of CO2 treatment was attained only when 
the light intensity was high . In fact, only high CO2 and high light 
levels gave marked differences in most of the characteristics measured 
in this study. One further observation of interest was the increased 
weight of roots of plants grown under high CO2 atmosphere in trial I .  
This finding contradicts an eai·lier report ( 61 )  in which CO2 treat­
ment reduced root developnient. 
Tissue culture has proved to be an efficient method for 
studying the responses of specific plant parts to growth regulating 
compounds that were regarded as causal factors in the onset of 
flowering ( 3, 10) .  The fact that cont�ol buds were not prevented from 
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flowering in experiment 3 , although the gr01rl,h medium was devoid of 
growth regulating substances , me.y j1uply that an inhibition is occur­
ring in the intact plants during the res�ing period between flower 
C3�las . This would fit the hypothesis suggested by Zimmerman and 
�Jbing (106 ) that an inhibitor could bo present in developing bolls 
which ,  when present in sufficient quantity, stops flowering until the 
inhibitor is removed by maturation of the first set of bolls . In 
tissue culture the maturation of bolls which c auses the second onset 
of flowering would be analogous to the removal of the buds from the 
main plant liberating them from any type of suppression or inhibition. 
IAA seemed to increase the cha.nee that isolated buds ( alternate , 
terminal , and main stem ) would flower. to a gre ater degree compared t o  
the othe1• growth regulators used. As could be expected, an increased 
rate of hormonal trea.trnent was detrimental to bud development in 
tissue culture . The level at which IAA became toxic was higher than the 
level for kinetin, NAA, and GA. Thus , flowering did occur in a 10 .. 0 
ppm treatment of IAA, but no flowering occurred ·with the other 
regulators supplied at 10.0 ppm . The stages at which isolation and 
treatments were made also contributed to the ability of the buds to 
flower. For example , during the early bloom and the postbloom stages , 
more buds were brought to flower, while during the late bloom and 
senescent stages , little fiowering occurred . Apparently, this can be  
oxplained by the supply of hormones during those  stages. As evidence 
it can be  ?11entioned that quantit ation of tissue extracts , both by 
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fluorimet�y �d biological assay, showed that I.AA reached peak levels 
du-ring the time that plants were not floVl,�ring .  
This report cannot conclude whether er not auxin accumulation 
is the cause of the cyclic flowering pattern in flax. The facts that 
IA.A-treated buds developed the greatest number of flowering cultures 
and that high cLlllounts of IAA were indicated by both chemical and 
biological tests may indicate that auxins play a major role in causing 
the second flowering to occur. However, the temporary cessation of 
. flowering which causes the cyclic nature may be caused more by 
inhibition rather than insufficiency or absence of the hormone . 
It seems relevant to add that kinetin seemed to sustain growth 
of senescing buds while IAA, NAA, and GA did not .. F\1-rthermore, 
although NAA is considered analogous to IAA, little sin1ilarity of 
effect s was observed in this study. Perhaps a greater stability of 
the NA.A compounds dm•ing autoclav:tng compared to IA.A could account for 
the diversity of response .  
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AppendL--c I. Mean squares from analysis of variance for 
all parameters measured in experiment 1 
No. Seeds Sead Seed wt. 
Sourced 
Visual No. Seeds Pe1� Yield m.g/M 
df Rating Bolls (thousa.nda ) Boll g ( thousar.ds ) 
L 2 3"1 . 01 561 . 88 45 .91 6. 46 1 . 82 9253 . 20 
A 1 46. 69 25840 . 56** 96L� . 32*  36. 16 14.07 ** 17989. 62 
LA 2 16. 10 3524.15 *  142 . 80 2. 93 J . 18 *  612 . 54 
N 2 6 . 20 204. 70 7. 29 2 • .56  0 . 04 362 . 25 
LN 4 11 . 58 121 . 16 3. 92 4.10 0. ll 125l�. ll 
AN 2 15. 86 129 . 00 6 . 93 1. 39 0 . 04 601. 34 
LAN 4 3 . 16 92. 62 2 . 84 L 31 0.03 1216. 72 
D 1 0 .11 29383. 67**  lll6,, 19 ** 46 ,. J8* 17 .07 ** 466. 15 
LD 2 3 . 39 277. 97 11. 21 0 \1 24 0. 51 486. 50 
AD 1 10. 03 5712 . 84** 292.50* o . 85 I.} . 48 15. 44 
LAD 2 4. 80 1077. 84* 46. 75 0 .08 0. 76 282. 53 
ND 2 0.11 125 . 20 13. 54 3 . 4-0 0 .06 401. 28 
LND 4 0 .91 184. 89 3 . 23 0. 67 0 .08 41�0. 02 
AND 2 0 . 20 137. 86 2 . 98 0 . 13 0 . 02 131.. 64 
LAHD 4 1.12 30 . 33 1 . 31 0 .09 0 . 04 131 . 82 
R 3 10 . 61 388. 84 33. 56 5 . 63 0 . 53 408. 20 
LR 6 10 . 59 252 . 27 12.11 2 . 36 0.13 696 �  78 
AR 3 11 . 16 337 . 91 30 ., 81 14. 34 0 . 99 617 . 69  
LAR 6 10. 13 540 . 39 35. 32 7 . 92 o. 66 8L!-9 . 01 
NR 6 6. 36 396 ., 53 2J o l6 3 ., 77 0 . 31 796. 66 
LNR. 12 5 ,, 79 99 . 80 10 . 49  3 . 11 0 .18 1272 . 03 
ANR 6 7 . 16 441 . 52 23. 63 1 . 78 0. 60 776 .15 
L.t\NR 12 4. 42 251. 27 8 .. 68 1 • .55 0. 23  1217 . 2'1 
DR 3 1 . 87 312 . 99 20 . 20 L 54 0 . 29 150 . 16 
LDR 6 2. 89 173 . '?8 8 . 04 4. 48 0 .08 213 . 90 
ADR J .5. 05 180. JB ll} .10 0.04 0 .52 o . 41 
LADR 6 2 . 85 173. 33 12 . 48 2 . 46 0 . 16 199 . 14 
NDR 6 1 . 98 301 . 84 11. 44  L 41 0 .15 98 .09 
LNDR 12 1 . 24 114. 29 5. 99 0. 82 0 . 12 172.17 
ANDR 6 1.94 158 . J4 10 . 40 1 . 64 0 . 29 96. 28 
Residual 12 2. 85 141.:- .. 51 6. 52 2 . 33 0.15 237. 91 
ii L = light intensity, A =  air temperature , N == nitrogen 
level , D = defoliation treatment , and R = replications . 
* ** 5 percent and 1 percent levels of significance ,  ' 
respectively. 
Appendix I Contj_nued. 
No. 
No. No . Total Mature Seeds Seed 
Sou.re el!,/ df 
Maturs Immature No. Saeds Per Yield 
Bolls Bolls Bolls (thous ands) Boll g 
L 2 1059 . 68**  1069.57 1481. 59 19. 86** 1. 70 0 . 50** 
A 1 4074 . 70 ** 6175. 34** 20688.0J ** 197 .95 ** 4) . 06*  1.91** 
LA 2 764. 71 697. 22*  2802 . 92 7 . 74 6. 58 O .. ll 
N 2 45 . 86 114. 25 55 . 76 2. 43 10. 16 0 . 05 
LN 4 31. 24 139 . 63 243 .5l� 3 . 42 8 . 13 0 . 06 
AN 2 241. 20 341 .45 616. 34 10 . 38 4. 32 0 . 17 
LAN 4 109 . 34 5 . 82 140. 96 5 . 44 0 . 38 O. ll 
D 1 6642 . 25 ** 1029 . 34 12882. 25 **  182 . 83 ** 32 . 57*  3.57** 
LD " 127 .02 485 . 68 *  863 .02 ** 8 .  67 * 22 . 07 0 . 04 t:. 
AD . 1 1034. 69 *  671. 68 3364.00*  56. 76* 2 . 92 0 . 72 *  
LAD 2 316 . 68* 148.96* 1062 . 78 ** 9. 66* 5 . 77 0 .08 
ND 2 15 . 25 J . 8? ll.90 1 . 91 3 . 39 0 , 02 
LND 4 28 ,02 14. 9L� 39 . 82 1.56 · J . 16 0 . 02 
AND 2 2 . 86 109 . 77 40 . 65 0 .,52 0 . 22 0 . 02 
LAND 4 32. 53 57 .57 41 . 95 2. 39 1 . 86 0 . 06 
R 3 352. 92 386 .97 1196. 83 8 . 63 1 . 61 0 .2l 
LR 6 37. 59 374 ,.47 305 . 09 1 .. 25 2 . 4,0 0.02 
A.R. 3 38 . 40 127 . 86 66. 79 2.9L� 2. 44 0 . 05 
LAB. 6 220 . 00 282 . 84 413.96 5 .57 4. 55 0 . 12 
NR 6 97 . 39 l16. 35 234. 34 l�. 76 5 . 79 0 . 08 
LNR 12 . 192 .92 277.06 676 . 90 6. 23 4. 48 o .n 
ANR 6 73 . 65 182 . 32 314 . 63 2 . 45 1. 77 0 . 04 
LANR 12 116. 00 289.39 558 � 10 J .. 24· J . 89 0 .06 
DR J 9 . 14 154. 01 187 � 60 3.05 2. 05 0 . 04 
LDR 6 33 . 05 73. 73 62 ,. 04 0 . 98 5 . 36 0 . 03 
A.DR J 90. 40 ?6 . 41 318. 76 2 . 89 0 . 55 0 . 04 
LADR 6 38. 07 24. 04 39 .14 1.14 1 . 77 0 . 02 
NDR 6 15 .17 69. 72 113. 67 L52 4. 48 0 .04 
LNDR 12 78 " 12 65. 78 226. 51 1. 75 2 . 30 0 . 0J 
ANDR 6 44 .. 60 154. 72 131 .93 L OO 3 ,. 31 0 . 03 
Residual 12 58 . 33 123. 84 206. 18 1. 03 J . 64 0 . 03 
.,, 
Appendix II. Mean squares from analysis of variance fo1• 
all parameters measured in ex_perir11ont 2 
Wt. 
wt .  Irnma-





Mature Immature .Aborted No . Bolls Bolls Mature 
















l 2 . 3 52 . 6  1190 .  3 ** 2070 . 3  19 . 5 * o . 03 · 2068 . 0** 
1 3630 .l*  39 . l  105 . 1  5550 . J 0 .9 0 . 02 .55Ll** 
l 4590 . l  * 264 .1  540 . 6** D)µi9 . 0 ** 0 . 3  0 . 17 129.0 . 6** 
6 887 . 4  65 . 4  34. 8  1266 . 3  6. o 0 . 07 70 . J 
6 387 . 1  41 . 4  298 .  7** 322. 2  2 . 7  0 . 04 35. 5 
48 821 . 6  S0 . 4  40 . 1  1.5.52 . 5 2 . 8  0 . 07 75 . J 
Trial II 
3 422 . 8 518 . 8  1032 .4** 3093 . 0 * 2 . 2 o . 6  372 . 2 ** 
1 4096 � 0**  1233 . 8 * 43 . 9  12.51 . 4  12 . 5 ** 3 . l** 84. 4  
3 133 . 9 416 . 1  54. 1 538 . 4 0 . 4 0 • .5 91. 6  
l 4128 .l**  862 . 9 *  8167 . 6** 3094, 1 16. 2 *;,'; 0 . 2  355 . 8** 
3 883 . 0  576 . 3 * 386 . 1  2525 .1  0 . 9 1. 0 208 . 4** 
1 203 . 0  606 . 4 43 .9 293 . 3 2 . 3 0 . 9  208 . 4* 
3 Jl�l � 4  186. 2 83 . 8  474. 0 0 . 4  0 . 5  109 . 6  
47 43.5 . 2 198 . 8  141. 5 1032. 4 1. 0 0 . 3 41. 5  
!/ Gr =  groups , G = gas , D = dat e ,  and L = light intensity. 
*, ** 5 percent and l percent levels of significance ,  
respectively. 
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Appendix II Continued 
No. 
Pl.�nt Weight1 S Mature Seeds Seed Seed wt .  
Source2./ 
Roots Seeds Per Yield in mg(r 
df Tops X 10-2 Total X 103 Boll g X 10 
Trial I 
� 1 29 . 5 0. 04 28. 2  208 . 5 *  15.5* 13 . 7** 648 . 7 ** 
G 1 6. 6 9 . 46 7. 7 47. 8  33. 7 ** 2. 2 97 . ?** 
GGr 1 17. 3 44. 22** 24. 3 65 .9 44. 0** 2. 0 2. 3  
D/ Gr 6 16. 0 ?. 80 17. 6 69 . 3  1 . 8  2 . 7 * 19 .9 
GD/ Gr 6 J . 1 2. 39 3 . 3 30. 6 0 . 9 0 . 9 19 . 4  
Error 48 ? . 8  6. oo 8.9 33. 4  2 . 2  1.1 11 . 9  
Trial II 
D 3 9 . 9 16. 0 ** 12. 1 56.l** 9. 1** L B** 409 . 0** 
G 1 3. 1  2. 7 3 . 7  209 . 8** 9 . 4* 5. 4** n. o 
DG 3 ·  3 . 6  8. 3 4. 6 22 . 2  3. 5  o . 6 23. 6  
L 1 17 . 6  41 . 4** 23 . 4* 2 . 4  20.9 ** 0. 1 711-. 5 ** 
LD 3 5 . 2 8. 4* 6 . 6 47 . 4* ?. 4** 0 . 9 112 . 0** 
LG 1 2 ., 6 o . 6 2 . 8  35. 8 6. 1* 0. 7 48. 8* 
LDG 3 3 � 7  0 . 9 4. 0 28 . 6  L� . 2 *  O a 4  3 .,9 
Error 47 L�. 6 2 .9 5 . 2  12 . 6  1. 3 0 . 4  9 . 8  
